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ABSTRACT
Bratney, William A., M. S . ,  1977 Geology
Mineralogical and Elemental Trends in the Stibnite H i l l  Mine, Sanders 
County, Montana
Chairman: Dr. Ian M. Lange
The mineral ization studied in the Stibnite  H i l l  Mine consists of 
abundant s t ibn ite  and quartz superimposed on an e a r l i e r ,  minor arseno- 
pyri te ,  sphalerite, and pyrite mineral assemblage. Trace amounts of 
chalcopyrite exsolved from sphalerite, and realgar associated with 
arsenic-saturated st ibn ite  were also observed. Forty-nine samples of  
st ibn ite  collected from 17 vein exposures in the Babbit Vein were anal­
yzed by atomic absorption spectrophotometry for  the ir  content of the 
major non-stoichiometric elements— arsenic, iron, zinc,  lead, and 
copper.
The v a r ia b i l i t y  shown by the results obtained for  the individual e le ­
ments and the total  metals supports an e a r l ie r  suggestion that s t ibn ite  
may be a valuable indicator of subtle changes in low temperature, a n t i ­
mony-rich, aqueous alkaline sulfide solutions. The lead values were 
most abundant in the older workings of the mine, closest to the pre­
sumed source of the antimony mineralization within the Thompson Pass 
Fault. The trend established for  the total metals values was similar  
to that of lead, in that both decreased along the str ike of the vein to 
the northeast. Zinc was most abundant in the central portions of the 
deposit. Copper, iron, and arsenic increased along str ike.  The total  
metals values varied from about 1500 ppm to about 11,800 ppm.
This trace element zonation pattern ( lead--z inc--copper-- i ron--arsenic)  
may be related to the re la t ive  s t a b i l i t ie s  of the trace metal complexes 
in alkal ine sulfide solutions, and hence may indicate the source of the 
mineral ization. Sulfide complexes of lead have been shown to have only 
a very limited so lub i l i ty  in this type of ore solution. Thus, i t  is 
not surprising that i t  is most abundant closest to the presumed source. 
Zinc and copper form more stable sulfide complexes than lead, and were 
deposited most rapidly farther  from the source. Iron is known to form 
stable complexes in the presence of abundant sulf ide ion, and although 
there is a great deal of overlap between the d i f fe ren t  trace elements, 
i t  seems to have been deposited most abundantly even further from the 
Thompson Pass Fault than copper or zinc. Arsenic is known to form very 
stable sulfide complexes, and is found in greatest amounts farthest  
from the source. Thus, this explanation of the trace metals d is t r ibu ­
tion indicates that the most l ik e ly  direction of ore solution trans­
port was to the northeast. Application of these findings may prove to 
be a valuable tool in the development of this property and other s t ib -  
nite-bearing mineral deposits.
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CHAPTER I 
INTRODUCTION
The presence of antimony mineralization in southwesternmost 
Sanders County, Montana has been recognized since 1884. Miners 
following the Murray Trai l  up Prospect Creek to the rich placers 
in the Murray area of Idaho discovered outcrops and f lo a t  containing 
rich concentrations of s t ibn i te .  Subsequent work led to the lo ­
cation of a series of patented and unpatented claims on the rugged, 
densely wooded southeastern slope of Stibnite  H i l l  (Figure 1).
Access to the property is by approximately 29 km of paved and good 
gravel roads from Thompson Fa l ls ,  county seat of Sanders County.
The town of Wallace, Idaho, in the center of the Coeur d'Alene 
mining d i s t r i c t ,  is located 32 km west of the property. Wallace can 
be reached in the summer months by a narrow mountain road.
The history of antimony mining operations on Stibnite  H i l l  is 
one of numerous small enterprises, as can be attested to by the many 
caved and abandoned workings v is ib le  from the road. The early mines 
were run sporadically, the operations consisting of roasting hand- 
sorted s t ibn ite  ore to an oxide assaying at least 80 percent a n t i ­
mony (O'Leary, 1907). Between 1940 and 1953 only 137 tons of a n t i ­
mony were produced from the area (Crowley, 1963). In 1969 the property 
was acquired by United States Antimony Corporation (USAC), which
during the next several years of research and development located
1
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substantial reserves in the Babbit Vein and surrounding areas. At 
the present time, production from four adits in the St ibnite  H i l l  
Mine is supplying a 300 ton per day mill  with ore averaging 1.2 per 
cent antimony. A recently constructed antimony oxide recovery plant  
promises to boost production further. In 1975, the las t  year for  
which figures are avai lable ,  USAC produced 450,533 pounds of a n t i ­
mony from 19,085 tons of ore.
Purpose
Since the study of Sandvik (1964) on the d istr ibut ion of trace 
elements in st ibnites from the Fairbanks d i s t r i c t  in Alaska, l i t t l e  
further attention has been focused on the significance of metal d is­
tr ibution in this low temperature sulf ide. Sandvik's data suggested 
that increased values fo r  both individual elements and total  metals 
in st ibnites sampled from various mine dumps and inactive underground 
exposures across the d i s t r i c t  were related to nearness to the pre­
sumed source of the mineralization and to the higher temperature con­
ditions toward the source. This trend toward increased substitution  
of metals with increasing temperature has been recognized in many 
other sulfides. I t  may re f le c t  the greater ease of elemental substi­
tution due to the increased disorder at higher temperatures. Sandvik 
reasoned that because of the observed low levels of non-essential 
elements found in natural ly occurring s t ibn i tes ,  the presence of a 
mineral of an analysis element (such as arsenopyrite for arsenic) sig­
n i f ied  that s t ibn ite  was very l ik e ly  saturated with respect to that  
element. He found that in a series of analyses the values established
3
re la t ive  temperatures of formation for  the individual samples of the 
series, the higher values indicating higher deposition temperatures.
The present study was an attempt to gain more insight into the 
distr ibution of trace amounts of non-essential elements in st ibnites  
from a single deposit, rather than across an ent ire  d i s t r i c t .  In 
recent years i t  has been recognized that several factors besides tem­
perature contribute to the uptake of trace elements by s t ibn i te .
These include changes in the pH, Eh, and sulf ide ion concentration 
that affect  the s ta b i l i t y  of the trace metal-transporting aqueous 
complexes and the a b i l i t y  of s t ibn ite  to accommodate these elements.
The Stibnite  H i l l  Mine is part icu lar ly  well suited to a trace 
element study of this type for several reasons. F i rs t ,  s t ibn ite  is 
the most abundant member of the sulf ide mineral assemblage. Arseno­
pyr i te ,  sphalerite, and pyrite are present in only minor amounts. 
Secondly, i t  has been recognized for some time that s t ibn i te  is sen­
s i t ive  to s l ight  changes in the ore-bearing solution (Norton, 1964; 
Learned, 1966; Nekrasov, 1974; Dickson et a l . ,  1975), and that nearly 
a l l  naturally occurring stibnites generally contain between 5,000 and 
10,000 ppm of metal impurities in th e ir  crystal structures. I t  was 
hoped that ,  by careful channel sampling and analysis of vein material 
over as wide an area as mining operations would permit, elemental 
zonation patterns meaningful in terms of ore genesis and future mine 
development would emerge. Lastly, the question of whether the ob­
served metals values re f le c t  the metal content of the ore-bearing 
solution, or merely indicate the amount of reaction with early-formed 
minerals was investigated. Exaiiiination of polished slabs led to an
4
understanding of the r e la t iv e ly  uncomplicated mineral paragenesis, 
and simplified the problem of trace metal orig in in s t ibn i te .
Figure 1. Structural setting of the Coeur d'Alene d i s t r i c t ,  Idaho. The location of United States 
Antimony Corporation's Stibnite  H i l l  Mine is indicated by the c irc le  north of Prospect 
Creek (from Hobbs and Fryklund, 1968).
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CHAPTER I I  
REGIONAL AND MINE GEOLOGY
The Coeur d'Alene mining d i s t r i c t  of northern Idaho and west­
ernmost Montana has been one of the most productive mineral pro­
ducing areas in the world. Since 1884 i t  has produced more than 
two b i l l io n  dollars worth of s i lv e r ,  lead, zinc, copper, and gold.
The d is t r ic t  also has produced more metallic antimony than any 
other area of the country. Because of i ts  unique position, the 
Coeur d'Alene d i s t r i c t  has been rather intensely studied, most 
notably by Ransome and Calkins (1908), UmpTeby and Jones (1923),  
Anderson (1951), Fryklund (1964), Hobbs et a l .  (1965), Hobbs and 
Fryklund (1968), and Sorenson (1972). Detailed accounts of the 
geology and ore deposits of the d i s t r i c t  may be found in these 
publications.
Stratigraphy
The stratigraphy of the area is composed of units of the Pre- 
cambrian Belt Supergroup, which consists of tens of thousands of feet  
of fine-grained c last ic  material.  The l ig h t ly  metamorphosed rocks 
have been divided into the Missoula Group, the Piegan Group, the Ra­
v a l l i  Group, and the pre-Ravalli  Group (Figure 2).
The antimony mineralization in the Prospect Creek d i s t r i c t  is 
restr ic ted to rocks of the Prichard formation. Consisting of generally 
red-weathering, th in ly  bedded, blue-black, a r g i l l i t i c  s la te ,  l i g h t -
()
Figure 2. Stratigraphy o f the Belt Supergroup (A fte r  Norwick, 1972)
Missoula Group
3,700 meters +
Piegan Group
2,400 meters
Wallace Formation
Ravalli Group
2,750 meters
St. Regis Formation 
Revett Formation 
Burke Formation
pre-Ravalli Group 
2,150 meters
Upper Prichard Formation 
(Probable s i te  of the a n t i ­
mony mineral ization on 
Stibnite  H i l l )
pre-Ravalli Group
3,050 meters +
Lower Prichard Formation
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gray quartz i te ,  and intermediate s i l t i t e  beds (Norwick, 1972), i ts  
thickness in this area is problematical. Ransome and Calkins (1908) 
and Umpleby and Jones (1923) reported a thickness of about 2400 meters 
at the type lo ca l i ty  along Prichard Creek in the Coeur d'Alene d is­
t r i c t .  Campbell (1960), working in the St. Regis-Superior area, 
measured about 5200 meters of section. The thickness of the Prichard 
in the v ic in i ty  of Stibnite H i l l  is unknown, because the upper con­
tact  is missing, but i t  is probably nearer to the thickness of the 
section measured along Prichard Creek than to Campbell's section be­
cause of i ts  proximity to the former (Figure 1).
The Prichard has been divided into two recognizable units, an 
upper member and a lower member. The upper member consists of nearly 
equal quantities of interbedded quartz ites,  s i l t i t e s ,  and a r g i l l i t i c  
slates, while the lower member has the same l i thologies but is dom­
inated by thick quartzite beds (Norwick, 1972). In the v ic in i ty  of  
the mine, quartzites are subordinate to the other l i thologies.  This 
observation, coupled with the fact that the extent of Prichard ex­
posure in this area is l imited to the eroded crest of a gently dip­
ping an t ic l ine ,  suggests an upper Prichard local izat ion of an a n t i ­
mony mineralization.
Regional Structure
The structure in the area is dominated by north-northeast trend­
ing folds in the Precambrian metasediments. These large folds are 
cut at nearly r ight  angles by several large transverse fau l ts .  The 
most notable are the Osburn Fault and the Thompson Pass Fault. Similar
9
in or ientation and s l ip  direction to the Osburn Fault 13 km tof the 
south, the Thompson Pass Fault outcrops in rock of the Prichard f o r ­
mation exposed along Prospect Creek near USAC's mil l  and smelter.
The antimony ore has been local ized in several bedding plane f ra c ­
tures produced during the folding (Clendenin, 1973), which apparently 
occurred during the Precambrian (Hobbs and Fryklund, 1968). The 
Babbit Vein, occupying the largest of these fractures,  is the most 
persistent and is iden t i f iab le  over several miles. The St ibnite  H i l l  
Mine has been developed on this vein, and is located s l ig h t ly  more 
than one km north of the Thompson Pass Fault. North of the mine, the 
antimony mineral ization disappears and is replaced in the bedding 
plane fracture by an a lk a l i - r ic h  hornblende trachyte s i l l  (Clendenin, 
1973). From a structural standpoint, the Thompson Pass Fault appears 
to be the most l i k e ly  source of the mineral ization, although the 
possib i l i ty  of a buried intrusive beneath the deposit should not be 
neglected. For a more detailed discussion of the structural develop­
ment of Stibnite H i l l ,  the reader is referred to Clendenin (1973).
Mine Geology
Several descriptions of the geology of the Stibnite H i l l  Mine are 
available in the l i t e ra tu r e .  They include work by Crowley (1963),  
Clendenin (1973) and Marin (1976). The ore body, which strikes gen­
e ra l ly  northeasterly and dips 10  ̂ to 20° northwest, is largely con- 
condant with the bedding. In places the vein ro l ls  s l igh t ly  in re ­
sponse to i r re g u la r i t ie s  in the dip of the bedding plane fracture,  
but typ ica l ly  cross-cutting relationships are s l ight  and not easily
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recognized. The vein i t s e l f  varies in thickness from under 15 cm to 
more than 1.5 meters, but averages somewhat over 75 cm. Commonly 
the hanging wall contact is formed by a massive fine-grained mica­
ceous quartz ite bed one to two meters thick.  The footwall beds con­
sis t  of th in ly  laminated a l ternate ly  l ig h t  and dark a r g i l l i t e ,  in 
which single lamellae one mm or less in width are common and may be 
traced for  considerable distances in the mine exposures.
The mineralogy of the deposit, which is discussed in more detai l  
la ter  in this paper, is simple. Stibnite  and the secondary antimony 
minerals, kermesite, senarmontite, v a len t in i te ,  and s t ib ic on i te ,  are 
the only minerals of economic significance. The gangue consists of 
minor amounts of arsenopyrite, sphalerite, p y r i te ,  chalcopyrite, and 
realgar in a quartz matrix. White (1962) c lassif ied this type of 
antimony deposit as simple, to distinguish i t  from deposits contain­
ing antimony sulfosalts as the most important antimony-bearing 
minerals.
Wall rock a l terat ion  is not pronounced in th is deposit. However, 
s i l i c i f i c a t i o n ,  the development of stockwork quartz ve in le ts ,  and the 
presence of disseminated pyrite  and arsenopyrite in the wall rock 
were recognized. Marin (1976) discusses this aspect of the deposit 
in some de ta i l .
Within the mine numerous sedimentary features are evident.
Graded bedding, r ipple marks, shrinkage cracks, and cross bedding 
were observed. Near the working face of the Number 1 D r i f t ,  an ex­
cel lent example of soft sediment deformation is recognizable. Tv/o 
undeformed layers of quartz ite  about 20 cm thick are separated by a
11
t ig h t ly  folded layer of th in ly  laminated a r g i l l i t e  about 15 cm in 
thickness. Dennis (1972) noted that such penecontemporaneous defor­
mation is due to subaqueous slumping of poorly consolidated sediments, 
and may take place on slopes as s l ight  as 2°. This area provided a 
sedimentary control for  the st ibnite-deposit ing solutions, resulting  
in a s l ight  thickening of the vein. Perhaps s imilar  favorable s t r a t i ­
graphie controls were responsible for some of the r icher concen­
trations of s t ibn ite  mined out in the past.
CHAPTER I I I  
ANALYTICAL METHODS 
Samples of vein material were collected in the St ibnite  H i l l  
Mine and the adjacent open p i t  from 17 d i f fe ren t  lo c a l i t ie s .  Sampling 
stations were selected on the basis of exposure q u a l i ty ,  ac cess ib i l i ty ,
and lack of structural complication. The area sampled covers approxi-
2
mately 195,000 m in the Babbit Vein near the southeastern crest of 
Stibnite H i l l .  Sample locations have been plotted on the mine map 
(Figure 3). At each s i te ,  oriented ore samples were collected from 
the hanging wall to the footwall ,  giving a total of 49 samples.
Each sample was slabbed, a sketch showing the gross textural  
features was made, and selected samples were prepared as polished 
slabs. The samples were next crushed and sieved to the 115 to 250 
mesh size fraction in order to maximize the number of monomineralic 
grains. After washing to remove clinging dust part ic les ,  iron f i l in g s  
were removed with a hand magnet. Next the samples were passed 
through a Franz magnetic separator operating at 1.6 amps, a 25° f o r ­
ward t i l t ,  and a 5° side t i l t .  S t ibn i te ,  having l i t t l e  or no mag­
netic su sep t ib i l i ty ,  and quartz were separated from most of the ar ­
senopyrite, sphaler i te ,  py r i te ,  and s t ib iconite .  Treatment of th is  
st ibn i te - r ic h  concentrate by the heavy liquid  tetrabromoethane, 
yielded a very good s t ibn i te  separate (Table 1).
In any study of the trace element d is tr ibut ion in minerals, the
12
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GENERALIZED MINERAL SEPARATION PROCEDURES
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i
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i
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i
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1 I
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Heavy Liquid Separation ?
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Stibnite  Quartz
15
need fo r  sample purity can not be overemphasized. This is especially  
true in the case of s t ibn ite  analyses, because the mineral can accom­
modate such a low amount of impurities. The presence of even a r e la ­
t ive ly  small number of foreign mineral grains would render the results  
meaningless (Bethke and Barton, 1971). Therefore, following the 
heavy liquid  separation, the s t ibn ite  separates were inspected under 
the binocular microscope, and i f  necessary, they were once more 
passed through the Franz magnetic separator. Final sample purity  
was estimated to be at least 95 per cent, with the principal impuri­
ties being quartz, s t ib icon ite ,  and arsenopyrite.
A suite of four of these samples from widely scattered areas 
of the mine were analyzed by emission spectroscopy (Nos. 1, 17, 30, 
41). This technique was purely q u a l i ta t iv e ,  but served as an essen­
t i a l  preliminary step in the atomic absorption analysis. Examina­
tion of the spectrograms disclosed the presence of the following 
trace elements in a ll  four samples: Ag, As, Au, B i , Cd, Cr, Cu, Fe,
Hg, Mn, Mo, Ni, Pb, Sn, and Zn.
Following th is ,  a l l  49 samples were prepared fo r  atomic absorp­
tion analysis by a technique adapted from Skoog and West (1974).
F i rs t  1.000 g of s t ibn i te  concentrate was dissolved in 25 ml of hot 
concentrated HCl containing 0.75 g KCl. This mixture was maintained 
just  below the boiling point unt i l  the reaction was complete. At 
this point 2.00 g of t a r ta r ic  acid were added to prevent the forma­
tion of insoluble SbOCl. The solution was heated fo r  a further  10 
minutes and then allowed to cool. The l iquid was then decanted into 
a flask to which 15 ml of concentrated HNÔ  were then added. Further
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heating dissolved the cloudy suspension in the solution. Following 
cooling, 50 ml of d is t i l l e d  HgO were added and the solution was 
f i l t e r e d  into a 100 ml volumetric f lask and brought up to volume.
The analytical data for  each sample are l is ted  in Appendix A, 
and show an average st ibn ite  content of 95.5 per cent. The insoluble 
material remaining a f te r  the dissolution of the s t ibn i te  was x-rayed 
and shown to consist of quartz, arsenopyrite, and st ib icon ite .  This 
residue was dried, weighed, and subtracted from the original weight 
of the s t ibn ite  concentrate, permitting a reasonably accurate deter­
mination of the exact amount of s t ibn i te  taken into solution. Thus, 
the solution technique employed in this study was advantageous in 
that i t  insured that only s t ibn ite  was dissolved. Quartz, arseno­
pyr i te ,  and st ib iconite  were insoluble in concentrated HCl, and 
pyr i te ,  chalcopyrite, and sphalerite were e f fec t ive ly  removed during 
the magnetic separation procedures.
As, Cu, Fe, Pb, and Zn values in s t ibn ite  were determined with a 
Varian AA-6D atomic absorption spectrophotometer. Single element 
hoilow-cathode lamps were u t i l i z e d .  The operating parameters for  
each element are l is ted  in Table 2. In each case the instrument was 
operated in the d irect  d ig i ta l  absorption readout mode with e i ther  
a three or ten second integration function. Both the unknown solu­
tions and the standard solutions were prepared in such a way that the 
relat ionship between concentration and absorbance was l inear .  The 
materials used to prepare the analytical  standards are l is ted  in Table
2. Each of the standards was constructed so that the anion concen­
trations in the standards were similar  to those in the unknown
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solutions. Several standards of high, low, and intermediate concen­
trat ions were made in order to bracket the range of concentrations 
in the unknown solutions.
TABLE 2
OPERATING PARAMETERS FOR THE VARTAN AA-6D 
ATOMIC ABSORPTION SPECTROPHOTOMETER
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Element Fuel Wavelength (nm) S l i t  Standard Lamp
Analyzed Analyzed Width (nm) Material Current
As Ai r -  
Hydrogen
193.7 1.0 As^Ô 7 ma
Cu Ai r -  
Acetylene
324.7
327.4 0.2
Cu metal 
wi re
3 ma
Fe Nitrous Oxide 
Acetylene
372.0 0.2 Fe metal 
powder
5 ma
Pb Ai r -  
Acetylene
217.0 1.0 Pb metal 
granules
6 ma
Zn Ai r-  
Acetylene
213.9 0.2 Zn metal 
granules
5 ma
CHAPTER IV
MINERALOGY AND PARAGENESIS OF THE STIBNITE HILL ORE
In addition to the trace element analytical investigation,  the 
ore specimens were-studied in polished section and by x-ray d i f f r a c ­
tion techniques in order to determine deta i ls  of mineralogy and para- 
genesis. Questions of the origin of the trace elements in s t ibn i te  
may only be answered by a thorough understanding of these factors.  
Examination of the polished slabs fa i led  to show the presence of any 
lead-bearing mineral on the property. The implications of th is are 
that most of the lead determined in the st ibn ite  was carried in with 
the antimony-rich solution. Although i t  is perhaps impossible to 
determine accurately, i t  is probable that the arsenic, iron, and zinc 
reported in the analyses were derived from both the gangue mineralogy 
and from the mineralizing solution. As wi l l  be discussed more fu l l y  
in Chapter V I I ,  i t  is thought that the s l ight  changes in the chemical 
environment produced around p a r t ia l ly  replaced gangue minerals created 
favorable sites for  the deposition of impurity-r ich s t ibn i te .
The mineral assemblage in the Stibnite  H i l l  Mine is composed of 
re la t ive ly  few minerals. All primary minerals ident i f ied  in the study 
are l is ted with th e ir  compositions in Table 3, according to th e ir  
abundance, and are discussed below in alphabetical order. The para- 
genetic sequence determined fo r  the minerals in this deposit is pre­
sented in Table 5.
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TABLE 3
PRIMARY MINERALOGY OF THE STIBNITE HILL MINE
MINERAL NAME
Quartz
Stibnite
Arsenopyrite
Sphalerite
Pyrite
Chalcopyri te 
Realgar
CHEMICAL FORMULA 
SiOo
FeAsS
ZnS
FeSg
CuFeSf
AsS
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Arsenopyri te
Arsenopyrite is common in ore deposits of the Coeur d'Alene d is ­
t r i c t ,  and is part icu lar ly  widespread in the Page-Galena and Pine 
Creek mineral belts (Figure 1). The Prospect Creek d i s t r i c t ,  which 
bears many s im i la r i t ie s  to the Pine Creek area (Crowley, 1963), also 
contains abundant amounts of this mineral. Easily recognizable in 
over one half of the analyzed specimens from the mine, arsenopyrite 
is treated as a very unwelcome gangue mineral. Several d i f fe ren t  
modes of occurrence for the mineral were recognized in handspecimen 
and under the microscope during the course of the study.
Most commonly arsenopyrite was found f in e ly  disseminated in the 
wall rock on e ither  side of the vein. The size of the individual 
grains varied s l ig h t ly ,  but most were somewhat less than 0.75 mm in 
the elongate direction. Rarely did the total amount of arsenopyrite 
exceed one per cent of the rock. Examination of polished ore samples 
containing fragments of wall rock showed most of the grains to be 
randomly elongate and euhedral, with the characterist ic rhombohedral 
cross sections. Some however, were seen to be corroded and embayed 
by quartz, which apparently replaced some of the arsenopyrite grains 
during the s i l i c i f i c a t i o n  of the wall rock. How fa r  from the vein 
this arsenopyrite envelope extends is uncertain due to the lack of 
exposure. The d istr ibut ion is probably f a i r l y  restr ic ted ,  however, 
by the low permeability of the surrounding Prichard formation.
Another mode of occurrence for  this mineral is as a ve in le t -  
f i l l i n g  material with quartz. These ve in lets ,  up to 5 mm in th ick­
ness, were noted in several samples taken from the footwall contact
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of the vein. The grain size tends to be larger than in the f i r s t  
type of arsenopyrite occurrence, although the crystal habit is iden­
t ica l  (Plate 1). Where the concentration of arsenopyrite crystals  
is greatest, twinning is frequently observed. Many of these veinlets  
have been broken by subsequent movements along the vein. Some have 
been cut by la te r  quartz -s t ibn i te veinlets. In many specimens the 
b r i t t l e  arsenopyrite grains have undergone severe cataclastic defor­
mation, which is in str ik ing contrast to the plastic  deformation of 
the s t ibn ite .  I t  is possible that this type of arsenopyrite was 
syngenetically deposited in the th in ly  bedded black a r g i l l i t e .  Simi­
la r  occurrences in the Aldridge formation, the Canadian equiv ilent  
of the Prichard formation, have been noted in the v ic in i ty  of the 
Sullivan lead-zinc deposit in Kimberley, British Columbia (Ethier  
et a l . ,  1976).
The th ird  type of arsenopyrite is found associated with s t ib ­
nite in the main part of the vein. This type is s imilar  to both of 
the previously described occurrences, in that a l l  intermediate grain 
sizes are present, and the concentration varies from less than one 
per cent of the total vein material to over 15 per cent in some 
cases. The chief difference between this type and the other two is 
the degree to which they have been affected by la te r  developments in 
the deposit. Replacement of arsenopyrite by st ibn ite  and to a lesser 
degree by quartz was frequently observed (Plate 2) ,  and undoubtedly 
accounts for many of the higher arsenic and iron values reported in 
the st ibn ite  analyses. Paragenetic relationships between arsenopy­
r i t e  and pyrite  could rarely be determined, but were suggestive of a
23
la te r  emplacement of arsenopyrite. Sphalerite ty p ica l ly  replaced 
arsenopyrite, but again, the two were rarely  found in contact. Sand- 
vik (1964) also noted the common occurrence of the dissolution of 
early-formed arsenopyrite by s t ib n i te ,  and reported that the reverse 
situation was never seen. In the samples studied, every degree of 
replacement of arsenopyrite by s t ib n i te ,  from prac t ica l ly  none to 
nearly complete, could be recognized. Arsenopyrite was never seen to 
have formed la te r  than the st ibn ite  mineral izat ion.
The polished slab study therefore, indicates that the arseno­
pyrite mineralization took place prior to the emplacement of the 
st ibn ite  in this deposit. Lindgren (1937) l is ts  arsenopyrite much 
e a r l ie r  in his idealized paragenetic sequence than s t ib n i te .  Further­
more, Hobbs and Fryklund (1968) describe two periods of arsenopyrite 
deposition in the Coeur d'Alene d i s t r ic t  pr ior to the recognized 
period of st ibnite-quartz  mineral ization. They recognized a Precam- 
brian episode of disseminated arsenopyrite and pyri te mineral izat ion  
such as is seen in this deposit, and a la te r  period of arsenopyrite 
vein f i l l i n g  similar  to that seen in places along the footwall contact 
in the mine. This information, together with the textural re la t io n ­
ships observed in the ore samples, strongly supports an early para­
genetic position for this mineral.
Chalcopyri te
Perhaps the rarest mineral in the Stibnite H il l  Mine is chalco­
pyri te. None was seen in handspecimen, and only the barest traces 
were observed in polished section. As Plate 3 shows, i t  occurs only
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as minute blebs and micro-stringers under high power in sphalerite.  
The micro-stringers were typ ica l ly  found in fracture or along sphaler- 
i te -sphaler i te  grain boundaries. The textures are c lear ly  suggestive 
of exsolution of the chalcopyrite from the sphaler ite.  That chalco­
pyri te formation proceeded the antimony mineralization is evident 
from textural evidence showing st ibn ite  needles cutting chalcopyrite 
micro-stringers in sphalerite.
Pyri te
Pyrite is probably the most abundant sulfide mineral found in 
the Coeur d'Alene d i s t r i c t ,  but i t  occurs only in l imited amounts in 
the ore samples collected from this deposit. I t  is most commonly 
observed disseminated in the wall rock on either side of the quartz-  
stibni te mineral ization, where i t  is closely associated with f in e ­
grained arsenopyrite. Unlike the arsenopyrite, however, i t  generally 
is subhedral in form, with many grains showing evidence of replace­
ment by quartz or arsenopyrite. Sometimes easily v is ib le  in hand­
specimen, pyrite  is typ ica l ly  larger than arsenopyrite, averaging 
1-3 mm in diameter. Pyr i te ,  when observed in contact with s t ib n i te ,  
frequently exhibits a rounded and corroded appearance (Plate 4 ) ,  due 
to reaction with the later-formed mineral.
Textural evidence suggests an early paragenetic position for  
pyrite in this deposit. Hobbs and Fryklund (1968) suggested that i t  
was deposited during the Precambrian as part of a d is tr ic t -w ide  
mineral ization episode. Some of the pyrite in this deposit may be 
older than the arsenopyrite. I t  is interesting to note that in the
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immediate v ic in i ty  of the mine, pyrrhotite ,  which is a common acces­
sory mineral throughout the Prichard formation (Norwick, 1972), does 
not occur. I t  is readily  observed though, in unmineralized exposures 
on the property. Pyrite is a natural a l terat ion product of pyrrhoti te  
(Deer, Howie, and Zussman, 1966) and may have replaced a l l  of i t  in 
the mineralized structures. Perhaps the pyrrhoti te  may even have sup­
plied some of the iron necessary in the formation of arsenopyrite. 
Since pr i te  occurs as an envelope around the quartz -s t ibn i te veins on 
Stibnite H i l l ,  i t  could perhaps be used as a guide in further explor­
ation in the area.
Quartz
Undoubtedly the most frequently encountered mineral in the mine 
is quartz. I t  was observed in several modes of occurrence, and tex­
tural evidence suggests that i t  was actively  deposited throughout a l l  
periods of mineral ization.
S i l i c i f i c a t io n  of the wall rock occurred a f te r  the deposition of  
the disseminated pyrite and arsenopyrite. Quartz stringers cutting 
sulfide grains and other replacement textures support th is view.
Hobbs and Fryklund (1968) believe most of the quartz in the Coeur 
d'Alene vein systems was derived from the surrounding country rocks. 
Whether or not this is the case in the Prospect Creek area is d i f f i ­
cu lt  to say, but i t  does seem reasonable that at least some of the 
quartz has been remobilized during mineral ization because of the 
quartz-r ich nature of the host rocks.
Most of the vein quartz is the massive, milky white variety and
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typ ica l ly  forms nearly pure lenses and patches in s t ibn i te .  One 
quartz lens, up to 15 cm th ick,  is consistently seen below the foot­
wal l ,  and has served as a valuable guide to the s t ibn i te  m inera l i ­
zation during development of the mine.
Many beautiful examples of open space f i l l i n g  by quartz crystals  
up to one cm in length are evident in the mine, lending support to 
the be l ie f  in the shallow seated nature of this deposit. During the 
mineral separation procedures, numerous doubly terminated quartz 
crystals , some of which had inclusions of s t ib n i te ,  were observed.
In polished section many euhedral cross sections of quartz in s t ibn i te  
demonstrated the intimate association and simultaneous deposition of 
these two minerals.
Deposition of quartz in this deposit seems to have been a con­
tinuous phenomenon with respect to the rest of the mineral assem­
blage. Mutual boundary textures between quartz and the sulfides and 
replacement of quartz by a l l  these minerals indicate continued depo­
s it ion and reaction. Only the disseminated pyrite and arsenopyrite 
were not seen to replace hydrothermal quartz.
Realgar
Nearly as rare as chalcopyrite in the primary sulf ide assemblage 
on Stibnite H i l l  is realgar. I t  was tenta t ive ly  ident i f ied  in a few 
of the polished sections in which i t  occurred as exceedingly small, 
anhedral individual grains in s t ib n i te .  In one specimen i t  formed ad 
a cluster of very f ine-grained, short prismatic crystals (Plate 5) .
I ts  deep crimson internal re f lect ions ,  close association with p a r t ia l ly
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replaced arsenopyrite in s t ib n i te ,  and i ts  known late  paragenetic 
position aided in the id en t i f ic a t ion .  Microchemical tests and x-ray  
methods were precluded as re l iab le  id en t i f ica t ion  methods by the 
mineral's f ine size. Realgar is not uncommon in s t ibn i te  deposits. 
Norton (1964) demonstrated that the two minerals may be transported 
in ,  and simultaneously deposited from the same aqueous alkal ine sul­
fide solutions. Although there is insuff ic ient  data available re­
garding the distr ibution of realgar, i ts  association with high- 
arsenic s t ibn ite  in the northeastern portions of the deposit is per­
haps suggestive of i ts  orig in . Perhaps the presence of realgar  
signif ies that the s t a b i l i t y  of the arsenic-transporting complexes 
in the ore solution had decreased, and that s t ibn ite  had become 
saturated with respect to arsenic, causing the precipitat ion of an 
arsenic-rich phase. Thus, realgar has been assigned the la tes t  
paragenetic position in this deposit, although i t  is very closely 
associated with the deposition of arsenic-saturated s t ibn i te .
Sphaleri te
Sphalerite is a frequently observed minor constituent of the 
vein assemblage, and occupies an intermediate paragenetic position 
between arsenopyrite and s t ibn i te .  Never comprising more than about 
10 per cent of the total vein materia l ,  sphalerite occurs both as 
individual grains and as aggregates several mm in diameter. Generally 
sphalerite is found disseminated with s t ibn ite  and quartz, but in one 
sample a narrow str inger of the mineral several cm in length was 
noted.
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The color of the sphalerite in the antimony ore is generally a 
l ig h t  yellow- to red-brown. In polished section i t  shows deep in ­
ternal re f lect ions.  Pure sphalerites can be colorless and transpar­
ent, but translucency decreases and the color deepens as the iron 
content increases to a maximum of 26 wt. per cent (Deer, Howie, and 
Zussman, 1966). Bryan (1974) in a study of the trace element con­
tent of minerals from the Lucky Friday Mine found that iron in 
sphalerites varied from 0.67 to 9.46 wt. per cent. This is in agree­
ment with Fryklund (1964), who noted an iron compositional range of 
0.42 to 11.00 wt. per cent for sphalerites from the ent ire  Coeur 
d'Alene d i s t r i c t .
As part of the present study, sphalerites collected from f iv e  
samples were x-rayed to give a crude bulk analysis of th e ir  metal 
impurit ies,  according to the method outlined by Barton and Toulmin 
(1966) and Barton and Skinner (1967). The results, which show the 
s im i la r i ty  between the Coeur d'Alene sphalerites and those from the 
Stibnite H i l l  Mine, are presented in Table 4.
Paragenetically, sphalerite in this deposit is believed to have 
formed la te r  than the pyrite and arsenopyrite, but pr ior  to the s t ib ­
n i te .  Although in most instances of mutual grain boundary re la t io n ­
ships, the paragenesis was unclear (Plate 6 ) ,  several samples demon­
strated posit ive evidence of sphalerite replacing arsenopyrite 
(Plate 7) . The broken, rounded habit of sphalerite in contact with 
s t ib n i te ,  together with the previously mentioned relationship of 
st ibn ite  with the exsolved chalcopyrite (Plate 8 ) ,  c lear ly  establishes 
st ibn i te  as the most recent mineral.
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TABLE 4
BULK COMPOSITIONS OF SPHALERITES DETERMINED BY X-RAY DIFFRACTOMETRY*
Sample hkl a(%) Approximate
Number Mole per cent FeS
4 422 5.4095 2 - 4
7 422 5.4146 10 - 12
11 422 5.4125 6 - 8
26 422 5.4126 6 - 8
39 422 5.4122 5 - 7
531 peak of CaF  ̂ was used as an internal standard
a = unit  cell edge in A = + 1^
Measurement is indeterminate for compsition because of con­
tamination other than iron by the following formula:
a(H) = 5.4093 + 0.000564(mole % FeS) + 0.00424{mo1e % CdS) 
0.00202(mole t  MnS) - 0.000700(mole t  CaS) + 
0.002592(mole % ZnSe) - 0.003(mole % ZnO).
*Barton and Toulmin (1966) and Barton and Skinner (1967).
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Stibni te
Stibnite-bearing minerai deposits are not common in western 
North America, and the available l i te ra tu re  is largely out of date 
and repetit ious (O'Leary, 1907; Schrader, 1933; Cooper, 1951;
White, 1962; Crowley, 1963; Lawrence, 1963; and M i l le r ,  1973). In 
the Coeur d'Alene d is t r ic t  s t ibn ite  is subordinate to galena, 
sphaler ite,  and te trahedrite  as the leading ore minerals. I t  is 
rare except along Pine Creek and north and east of Burke (f igure 1) 
(Hobbs and Fryklund, 1968). In the Stibnite H i l l  Mine i t  is the 
principal sulfide mineral, and the only hypogene mineral of economic 
significance. Several d i f fe ren t  modes of occurrence were recognized 
in handspecimen and through the microscope.
Typically s t ibn ite  is found as masses of steely gray crystals  
closely associated with nearly equal amounts of quartz. Sometimes 
however, s t ibn ite  comprises almost 100 percent of the vein material.  
The grain size is quite variable , as is the shape. Individual  
st ibn ite  grains may vary from nearly rounded microscopic part ic les  
to blade-shaped crystals several cm in length. Stibnite  also occurs 
as del icate,  elongate, euhedral, c rys ta l l ine  masses occupying 
cavit ies with quartz. More commonly however, these acicular masses 
of s t ibn ite  are en t i re ly  enclosed in massive vein quartz.
In polished section st ibn ite  is easily distinguished by i ts  
outstanding anisotropy under crossed nicols. The colors in the 45°
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position are mainly l ig h t  s late-blue,  gray-white or also leather-  
brown and pink-brown-white (Ramdohr, 1969). This pronounced 
anisotropy greatly aids in the examination of s t ibn i te 's  defor­
mation textures, which are evident in nearly every sample.
Several workers (Buerger, 1928; Stanton and Gorman, 1968;
G i l l ,  1969; Ramdohr, 1969; and Stanton, 1972) have described at  
length the many transformations observed in s t ibn i te .  While a 
detailed study of the causes of the mechanical deformation seen in 
st ibn ite  is c lear ly  beyond the scope of this report, a b r ie f  examina­
tion may be valuable in terms of understanding ore genesis. De­
formation of s t ibn ite  is a stress-activated phenomenon and is carried  
out by many d i f feren t  processes. One of the most commonly observed 
types is s l ip ,  also known as glide or translat ion. I t  is readily  
seen in handspecimen by the development of paral le l  f ine lines or 
sl ip  bands perpendicular to the long axis of many of the larger  
st ibn ite  grains. Slip is a rapid process in which displacements 
in the la t t ic e  are effected as one part of a crystal slides over 
another without the loss of cohesion (Spry, 1969). In s t ibn ite  
sl ip  takes place in the (010) plane in the [001] direction.
Another commonly observed type of deformation related to simple 
slip is the formation of complex pressure lamellae (or deformation 
lamellae) , which are straight to curved, p a ra l le l ,  th in ,  lensoidal 
layers that may pass across several crystals of d i f fe ren t  orientat ion
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(Plate 9) . Other variet ies of stress-activated transformations 
observed in s t ibn ite  include beaut ifu l ly  developed kink bands, 
bent crystals , and deformation twin bands.
Strongly stressed s t ibn i te  tends to re c ry s ta l l i z e ,  or anneal. 
This is recognized by the development of s t ra in -f ree  areas composed 
of small, rounded grains formed by the process of polygonization. 
Varying degrees of annealing were present in most of the samples 
studied. Portions of many specimens appeared to be to ta l l y  re ­
crystal 1 ized, Incipient annealing textures were often found between 
several adjoining strongly stressed crystals and in bent deformation 
lamellae (Plate 10).
This trend toward recrysta l l izat ion  was experimentally observed 
in one sample. The specimen was examined under the microscope and 
was found to consist of highly stressed st ibn ite  with only a minor 
amount of recrys ta l l iza t ion  apparent. I t  was placed in an oven for  
24 hours at a controlled temperature of 115^0, and then removed 
and re-examined. Polygonization of bent deformation lamellae was 
well advanced, as was the sub-grain development along highly de­
formed mutual grain boundaries. I t  is evident that the present 
textures seen in the ore samples represent only the la test  stage in 
a long history of vein movements and temperature fluctuations.
Paragenetic Sequence 
The textural relationships observed between st ibn ite  and the
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other primary minerals in th is deposit highlight s t ib n i t e 's 
typ ica l ly  la te paragenetic position (Park and MacDiarmid, 1970). 
However, because st ibn ite  tends to deform p la s t ic a l ly  around other 
minerals, interpretation of the paragenetic relationships must be 
dealt  with carefu l ly .  In some instances, as Ramdohr (1969) sug­
gests, textures thought to indicate replacements by s t ib n i te ,  
might more re l ia b ly  be attr ibuted to plastic deformation, which 
plastered st ibn ite  into cracks in other minerals. Although there 
are far  more examples of vague or inconclusive grain boundary re la t io n ­
ships than clear-cut replacement evidence, i t  is believed that the 
paragenetic sequence presented in Table 5 best represents the 
situation as i t  developed in this deposit. Stibnite  was deposited 
a f te r  arsenopyrite, pyr i te ,  and most, i f  not a l l ,  of the sphaler ite.  
Small euhedral quartz crystals enclosed in s t ibn ite  and other textural  
evidence indicated the close association between these two most 
abundant minerals. Realgar was the only sulfide deposited la te r  
than the s t ibn i te .
Secondary Antimony Minerals 
Although the primary emphasis in this investigation has been 
directed toward the hypogene mineral izat ion, the minerals formed in 
the secondary environment were also found to be quite interest ing.
The completion of a new oxide recovery plant promises to boost the 
importance of these secondary minerals, which constitute a s ign if icant
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TABLE 5
PARAGENETIC SEQUENCE OF MINERAL DEPOSITION 
IN THE STIBNITE HILL MINE
MINERAL
Pyrite
Arsenopyrite
Quartz
Sphalerite
Chalcopyrite
Stibnite
Realgar
Time
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portion of the ore. Both in th e ir  mode of occurrence and in th e ir  
divers i ty ,  the antimony oxide minerals o f fe r  insights into the 
geochemistry of the weathering of antimony-rich deposits. The 
minerals ident i f ied  through x-ray powder camera and optical  
techniques include va len t in i te ,  senarmontite, and st ib icon ite .  
Kermesite, although not recognized by x-ray methods, was ten ta t ive ly  
ident i f ied  in handspecimen. Examination of the chemical formulas 
of the secondary antimony minerals in Table 6 reveals that as the 
primary st ibn ite  undergoes oxidation, i t  passes through several 
phases, each stable under d i f fe ren t  conditions.
The f i r s t  formed a lterat ion mineral is kermesite, a monoclinic 
oxysulfide that commonly appears as a th in ,  earthy, crimson coating 
on st ibnite  (Palache, Berman, and Frondel, 1944). In ore samples 
taken from the mine i t  was most typ ica l ly  seen associated with f in e ­
grained st ibnite,on freshly fractured surfaces. I t  was also found 
on recently slabbed handspecimens, where i t  occurred as a cherry 
red crust on euhedral s t ibn ite  crystals in vugs. Clendenin (1973) 
recognized the mineral in two polished sections, and noted that i t  
was similar in occurrence to s t ibn i te .  However, i t  was a darker 
gray and displayed ruby internal ref lections.
The poss ib i l i ty  exists that this red materia l,  or at least some 
of i t ,  is metastibnite. A very f ine ly  crys ta l l ine  varie ty of 
st ibn i te ,  i t  probably occurs with kermesite in many deposits. I t
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is very d i f f i c u l t  to detect because i t  is amorphous and thus gives 
no x-ray d i f f ract ion  pattern.
TABLE 6 
Secondary Antimony Minerals
Mineral Name Chemical Formula Crystal System
Metastibnite SbgSj ----------
Kermesi te ^^2^3*^^2^3 Monoclinic
Senarmonti te Sb^Os Isometric
Valentin ite Orthorhombic
Stibiconite * ( S b , C a ) y S b 2 _ x ( 0 , 0 H , H 2 0 ) 6 _ ■7 Isometric
*(Sb,Ca)y----- y = 1 to nearly 0, and the Sb is in the +3 state.
S b 2 . x - - -  • • • • X  - 1 to nearly 0, and the Sb is in the +5 state.
The next stage in the a l terat ion  of s t ibn i te  is represented by 
the dimorphs of SbgO^, senarmontite and va len t in i te .  Senarmontite, 
the isometric form, is the stable phase at room temperature.
Hovever, i t  is notably rarer  than va len t in i te .  Mason and Vital iano  
(1953) attr ibuted this to the fact  that analyses run on senarmontite 
have shown i t  to be purer or as pure as reagent grade SbgO ,̂ whereas 
va lent in i te  analyses always show the presence of foreign ions.
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Apparently the senarmontite structure is not able to to lerate  
extensive contamination, so i t  seems reasonable that i t  is found 
only in the early stages of weathering. As weathering progresses, 
making more elements available in the circulat ing f lu id s ,  valen­
t in i t e  becomes the stable phase. No senarmontite was recognized 
in handspecimen. But when the crimson secondary material thought 
to be kermesite was x-rayed, senarmontite rather than kermesite 
was ident i f ied .  This is suggestive of a close relationship be­
tween these two minerals.
Further evidence to support the idea of the early formation of  
senarmontite can be found in the work of Lyalikova and Shlain (1967). 
Their observations suggest that the microorganism Thiobaci11 us 
ferroxidans plays an important role in the i n i t i a l  oxidation of  
antimony deposits. These bacteria are frequently very aboundant 
in the reducing acid conditions encountered underground. Their lab 
material x-rayed a f te r  exposure to the bacteria was ident i f ied  as 
senarmontite.
Valentin ite was recognized in many handspecimens by i ts  creamy 
white color, typ ica l ly  short prismatic crystal habit,  and b r i t t l e  
fracture.  The best specimens were found as well developed crystal  
aggregates up to 2 mm in length on in te r io r  fracture surfaces.
The other common mode of occurrence for th is mineral was as an 
intimate admixture with s t ib iconite .  In this earthy form recognition
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was possible only by x-ray analysis. Vital iano and Mason (1952) 
examining st ib icon ite ,  reported that most samples contained at least  
minor amounts of va len t in i te ,  but none of them showed any trace of  
senarmontite.
St ib iconite ,  the isometric stable end product of oxidation of  
st ibnite  deposits, was the most abundant secondary mineral ident i f ied  
in the ore samples. Its chemical formula, established by Vital iano  
and Mason (1952), i l lu s tra te s  the extent to which the primary s t ibn i te  
has been oxidized, and also i ts  variable composition. Park and 
MacDiarmid (1970) suggest that the oxidation of s t ibn ite  probably 
takes place according to the following equations:
SbgS] 3H2O + 6O2 — Sb202 + 6H + 3SO4
Valentin ite
3Sb s ,  + lOH 0 + 20 Og 2S bS b2 0g (0H ) + 18H^ + 9SO4
Stibiconite
This demonstrates that in moderately oxidizing portions of 
st ibn i te  deposits va len t in i te  forms f i r s t .  In zones of high water 
permeability underground and in surface exposures, s t ibn i te  rapidly  
alters  to s t ib icon ite .
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In handspecimen st ib iconite  varies in color from a chalky white 
to pale yellow, but orange, brown, gray, and black varie t ies  are also 
known (Vita liano and Mason, 1952). In many vuggy samples the s t ib ­
iconite is c lear ly  pseudormorphous a f te r  s t ibn i te ,  but in the majority 
of specimens, the mineral occurs as an earthy crust, forming a pro­
tective coating over the s t ibn i te .  In parts of Mexico st ib iconite  
is frequently the only antimony-bearing mineral present in quartz 
veins. In these deposits i ts  relat ionship to s t ibn ite  must be in ­
ferred (White and Guiza, 1949).
Clendenin (1973) reported the presence of the mineral cervant ite ,  
Sb2 0 ^, associated with s t ib iconite  in the ore specimens from the 
mine. Vital iano and Mason (1952) conclusively demonstrated that  
there are only two anhydrous variet ies of antimony oxide, senar­
montite and va len t in i te .  Since cervantite is synonomous with 
st ib iconite ,  and st ib iconite  is the older name, the use of cer­
vantite should be discontinued.
Thus, when s t ibn i te  is attacked by weathering processes, a pre­
dictable array of secondary minerals w i l l  develop. Kermesite forms 
f i r s t  under anhydrous, s l ig h t ly  oxidizing conditions. Senarmontite 
forms next under s l ig h t ly  more oxidizing and s l igh t ly  hydrous con­
ditions in a re la t iv e ly  contaminant-free system, and probably occurs 
most commonly with kermesite. Valentin ite  also develops under 
similar circumstances, but is orthohombic structure can apparently
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accommodate more impurities than can senarmontite. F inally in 
zones of high water permeability within the mine and on the surface, 
stib iconite  is the stable secondary antimony mineral.
CHAPTER V 
SUBSTITUTIONS IN STIBNITE
In view of the large number of trace elements discovered in 
s t ibn i te  by examination of the qual i ta t ive  emission spectrograms, 
some attention must be given to the manner in which they occur in 
i ts  crystal structure. An understanding of the structure, coupled 
with a knowledge of the concepts involved in the transport and 
deposition of s t ibn ite  from hydrothermal solutions, should explain 
how certain elements occur in s t ibn ite  and why i t  is able to accom­
modate only small amounts of impurities.
The determination and refinement of the crystal structure of 
st ibn ite  has been the subject of several papers in the mineralogical 
l i t e ra tu re  (Hoffman, 1933; Scavnicar, 1960; Bayliss and Nowacki, 
1971; and Belov, 1973). The results of these studies have shown 
that st ibn ite  is composed of in f in i t e  Sb^Sg chains paral le l  to the 
b axis (needle ax is ) ,  which are linked to form crumpled sheets 
perpendicular to the a axis (Figure 4) .  Both antimony and sulfur  
exhib it  two d i f fe ren t  types of coordination in th is predominately 
covalent structure. One half  of the antimony atoms (designated 
Sbjj) are quinvalent and have f ivefo ld  coordination in a square 
pyramid, in which they are s l igh t ly  displaced out of the base center 
These quinvalent antimony atoms are each bonded to f ive  t r iv a le n t
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sulfur atoms at various interatomic distances (Sj at 2.455 A, two 
S j j j  at 2.678 A, and two Sj at 2.854 8) and bond angles. Two 
additional sulfur atoms are located nearby (two Sjj at 3.373 A).
- / I-— S
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Figure 4. Structural model of s t ibn ite  looking down the b axis,  
showing interatomic distances and atomic arrangement. Thick circles  
represent Sb atoms with heights 1/4 and 3/4, thin circles represent 
S atoms with heights 1/4 and 3/4 (from Bayliss and Nowacki, 1971).
The other ha lf  of the antimony atoms (designated Sbj) exhib it  
tr ivalency and threefold coordination. They are bonded to two divalent  
and one t r iv a le n t  sulfur atoms (designated and S^^^), which form 
the corners of the basal plane of a trigonal pyramid. The antimony 
atom occupies the vertex. The bond distances involved between
0 Q
Sbj and S m »  Sb̂  and are 2.521 A and 2.539 A, respectively.
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Four additional sulfur atoms (two Sj at 3.111 8, at 3.167 8, 
and S j j j  at  3.642 R) are found close to Sbj- The trigonal pyramid 
and the square pyramid are joined together by th e i r  basal planes, 
para l le l  to the b axis through shared sulfur atoms to form in f in i t e  
chains.
Bayliss and Nowacki (1971) ascribed many of the physical properties 
commonly observed in s t ibn i te  such as (1) habitual needle-shaped 
crystals ,  (2 ) ,  perfect cleavage (100) and imperfect cleavages (001) 
and (101), and (3) translat ional gl iding parallel to (100) in the 
[010] direction to i ts  crystal structure.
Presumably the structure also has an important e f fec t  on the 
a b i l i t y  of s t ibn i te  to accommodate trace amounts of certain elements. 
Because of the generally low temperature of s t ibn i te  formation 
(between 250^0 and 25°C) and the subsequently low amount of la t t ic e  
disorder, only elements very similar  in size and valency to antimony 
wil l  be readily  admitted into the structure by mutual substitution.  
Furthermore, at low temperatures empirical evidence suggests that  
the amount of i n t e r s t i t i a l  or coupled substitution is substantia lly  
lower than at higher temperatures. Therefore, i t  is reasonable to 
assume that the most important factors control ling the amount of 
substitution of non-essential metals in the st ibn ite  structure are 
(1) the structure i t s e l f ,  which severely l im its  the elements capable 
of substitution, (2) the low temperature, which restr ic ts  the
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movement of ions within the framework of the crystal l a t t i c e ,  
and (3) the a v a i la b i l i t y  of the metals themselves.
In order to explain the manner in which As, Cu, Fe, Pb, and 
Zn enter the s t ibn ite  structure, i t  may be helpful to examine the 
sulfosalt  minerals, many of which are closely related structura l ly  
to s t ibn i te .  As a group, the sulfosalts comprise an array of  
structura l ly  complex minerals, which generally form at higher tem­
peratures than st ibn ite  and are deposited from hydrothermal solutions 
richer in such metals as s i lv e r ,  lead, and copper than s t ib n i te -  
depositing solutions. Nevertheless, the st ibn ite  chain component 
can often be recognized. The d ivers ity  of metals substituting into 
various positions within the chain permits inferences to be made 
regarding the atomic arrangment of trace elements in s t ibn i te .
A ik in ite  (CuPbBiS^) is a sulfosalt  mineral closely related to 
bismuthinit e , which is isostructural with s t ibn i te .  Structure de­
terminations performed on a ik in i te  (Ohmasa and Nowacki, 1970;
Kohatsu and Wuensch, 1971) have shown that i t  is simply a "stuffed" 
derivative of the st ibn ite- type structure. As such i t  is very 
suggestive of the manner o f  substitution of Cu and Pb in s t ibn i te .
The lead atom is found in mutual substitution for the in te r io r  
f ivefo ld coordinated bismuth atom. The copper atom, which is 
notably smaller than the bismuth atom occupies a tetrahedral in te r ­
stice in the structure. In spite of these substitutions, the 
structure of a ik in i t e  remains very s imilar  to that of s t ibn i te .
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Arsenic commonly substitutes for antimony in a large number 
of sulfosalt  minerals. The extent of th is  substitution varies 
from complete solid solution in the te trahedr i te - tennant i te series 
to less than ten percent in famatinite (Craig and Scott, 1974).
Some of the arsenic substituting in s t ibn i te  probably replaces 
sulfur rather than antimony. The amount of this type of substitu­
tion is probably quite l im ited, however, and may be restr icted to 
solutions depleted in sulfied ions. Getchell i te ,  AsSbSg, a rare 
sulfide found closely associated with orpiment and st ibnite  
(Weissberg, 1965), has a structure intermediate between these two 
minerals (Guillermo and Wuensch, 1972). Although arsenic and
antimony are chemically similar  in many respects, they form markedly
di f ferent  structures in minerals. As noted e a r l i e r ,  antimony 
typ ica l ly  forms trigonal and square pyramids. Arsenic however, 
occurs as trigonal dipyramids or in ring structures. This may ex­
plain why at the low temperatures of s t ibn ite  formation, generally 
less than one percent arsenic is found in the mineral.
The number of sulfosalts containing iron and zinc as major con­
stituents is small. Barton (1971) l is ts  only the rare minerals
berth ier i te  (FeSb2 Ŝ J and gudmundite (FeSbS) in the system Fe-Sb-S. 
More commonly these elements are found as major components in such 
minerals as py r i te ,  chalcopyrite or sphaler ite.  However, iron and 
zinc are present in minor amounts in the te trahedr i te- tennanti te
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series,  in which they substitute for copper. In mineralogical studies 
in the Coeur d'Alene d i s t r i c t ,  Harris (1974) reported average values 
of 6.50 and 2.62 wt. percent for iron and zinc in te trahedr i te 
from the Sunshine Mine. Similar values were obtained by Bryan (1974) 
working in the Lucky Friday Mine. In contrasting differences in size 
and valency between these elements and antimony, i t  seems more ■ 
probable to find them in an i n t e r s t i t i a l  s i te  in s t ibn i te  than 
direc t ly  substituting for one of the antimony atoms.
Unfortunately, experimental evidence demonstrating the precise 
manner of trace element accommodation by s t ibn ite  is lacking. In 
spite of this the behavior of the elements under consideration in 
related sulfosalts is suggestive of th e ir  re la t ive  positions in the 
st ibn ite  structure. Lead and arsenic may enter into mutual sub­
s t i tu t ion  for the antimony atoms. Copper, iron, and zinc, due to 
size and valency l im ita t ions ,  may be assumed to be largely restr icted  
to in t e r s t i t i a l  sites within the mineral.
Numerous authors have discussed the manner in which s t ibn ite  is 
deposited from aqueous solutions (Norton, 1964; Learned, 1966;
Barnes and Czamanske, 1967; White, 1967; Brookins, 1972). There is 
general agreement that the s t ibn i te  components are transported by 
means of aqueous alkal ine sulf ide solutions, and that precipitat ion  
of s t ibn ite  is a result  of decreasing temperatures between approxi­
mately 250°C and 25°C. Other factors such as mixing with surface
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water, decreasing the pH, reaction with pre-existing minerals, 
and lowering the sulf ide ion concentration also contribute to 
lowering the so lu b i l i ty  of the antimony complexes within th is  
temperature range. The ef fect  of pressure is much less important.
Thus, i t  can be seen that under the varying physical conditions 
prevailing in hydrothermal solutions, s t ibn ite  w i l l  be deposited 
under a rea la t iv e ly  wide range of temperatures. St ibnite  formed 
at the higher end of i ts  temperature range should be capable of 
increased substitution of trace elements for several reasons. F i rs t ,  
empirical evidence suggests that the higher the temperature of the 
antimony-rich solution, the more able i t  w i l l  be to react with the 
pre-existing minerals. For example, the replacement of sphalerite  
or arsenopyrite by s t ibn ite  has the e f fect  of temporarily flooding 
the solution with iron, arsenic, and zinc. Thus at a given tem­
perature of s t ibn i te  deposition, the s t ibn i te  structure w i l l  only 
be able to accommodate a certain amount of these elements. As 
Sandvik (1964) reasoned, the quantity of an element deposited in 
precipitat ing s t ibn i te  under saturation conditions should be an in ­
direct measure of the general temperature of s t ibn ite  formation, and 
therefore, could be a useful indicator of elemental trends across 
an entire  mining d i s t r i c t .
Another factor affecting the level of substitution of non- 
essential elements in s t ibn ite  is the typ ica l ly  increased so lub i l i ty
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of most other dissolved metal complexes at higher temperatures and 
increased a lk a l in i ty .  Dickson et a l .  (1975) believe that one of 
the primary reasons s t ibn ite  contains such low quantit ies of trace 
elements is that i t  is deposited from a hydrothermal solution very 
depleted in other elements. Changes in the f lu id  environment 
bringing about even very weakly acidic conditions s l ight decreases 
in temperature and abundance of HS"* and increases in the Eh value 
w il l  cause the breakdown of the important metal transporting sulfide  
complexes (Barnes and Czamanski, 1967). Sulfide complexes of  
antimony are much more stable at  high pH's and high sulfide in con­
centrations than copper, lead, zinc, or iron complexes (Norton,
1964; Learned, 1966), and account for the fact  that s t ibn i te  deposits 
are often nearly monomineralic. Stibnite sometimes occurs with 
signif icant amounts of cinnabar, orpiment, and realgar, which implies 
that mercury and arsenic complexes are transported in the same 
solutions with antimony complexes. The limited arsenic content of  
st ibn ite  may be in part due to a low geochemical abundance of the 
element.
In conclusion, the very low amounts of non-stoichiometric 
elements found in natural ly  occurring st ibnites are probably a t t r i ­
butable to several factors. Structure undoubtedly plays a s ig­
n i f icant role in l im it ing  substitution by placing severe restr ic t ions  
on the number of elements capable of meeting the size and valency
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requirements necessary to maintain the s t a b i l i t y  of the mineral. 
Physical conditions in the hydrothermal solutions such as pH, Eh, 
and sulf ide ion concentration af fect  the s t a b i l i t y  of the sulf ide  
complexes of antimony, and also determine the temperature at which 
s t ibn i te  w i l l  be deposited. Furthermore, these physical parameters 
s t r ic t l y  l im i t  the s o lu b i l i ty  of the other metal-bearing complexes 
in the antimony-rich environment.
CHAPTER VI 
RESULTS OF THE STIBNITE ANALYSES
Elemental analyses were carried out on 49 samples of s t ibn ite  
collected from the Stibnite  H i l l  Mine. Sampling lo c a l i t ies  and 
the positions of individual analyzed samples are shown in Figure 3. 
The st ibn ite  mineral separates were analyzed for the major trace 
element contaminants, arsenic, copper, iron, lead, and zinc. The 
values obtained in this study are given in parts per mil l ion (ppm), 
and are l is ted in Table 7. The distr ibution of the individual 
elements across the deposit is shown in Figures 5, 12, 16, 19 and 
20. The results from each sampling lo ca l i ty  are presented s t r a t i - 
graphically from the hanging wall to the footwall ,  with the ex­
ception of Sample Locality 1. The three samples collected from 
this place were taken as grab samples from the Kirkeberg open p i t ,  
and the ir  or ientation and actual position in the vein are unknown.
The range of values determined for these trace elements in 
stibnites (Table 8) corresponds rather well with results from other 
studies. The results show a level of accommodation of impurities 
ranging from about 1500 ppm to a maximum of about 11,800 ppm.
Pal ache, Berman, and Frondel (1944) l i s t  analyses of uncontaminated 
st ibnite  which contain up to 2300 ppm Pb, 900 ppm Cu, and 1200 ppm Fe
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Table 7. Analyses of Stibnites from the St ibnite  H i l l  Mine' 
(a l l  ‘
Local 1 ty
Sample
Number
Lead
(Pb)
Copper
(Cu)
Zi no 
(Zn)
Arsenic
(As)
Iron
(Fe)
Total
Metals Pb+Cu Zn+As+Fe
1 580 280 210 100 440 1610 860 650
I 1 2 610 250 280 240 1270 2650 860 1790
3 510 290 1180 1130 1500 4610 800 3810
I I  2 4 510 270 2370 4340 4320 11810 780 11,030
I I I  3 5 600 260 1090 450 890 3290 860 . 2430
6 970 180 3770 180 790 5890 1150 4740
7 710 220 1450 1720 2150 6250 930 5320
IV 4 8 560 230 930 3940 4210 9870 790 9080
9 760 270 680 890 1280 3880 1030 2850
10 640 210 1000 550 1090 3490 850 2640
11 860 390 480 120 1100 2950 1250 1700
V 5 12 950 250 430 400 870 2900 1200 1700
13 1020 230 1400 480 1080 4210 1250 2960
14 500 250 700 2830 3540 7820 750 7070
VI 6 15 340 240 120 1820 2560 5080 580 4500
16 350 260 3190 1170 2380 7350 610 6740
17 570 340 200 1400 2360 4870 910 3960
VII  7 18 760 220 90 450 780 2300 980 1320
19 510 350 620 2030 2360 5870 860 5010
V I I I  8 . 20 800 240 330 1230 1440 4040 1040 3000
21 1130 290 350 580 1030 3380 1420 1960
IX 9 22 1050 280 220 510 1200 3260 1330 1930
(T l
Table 7. (continued)
Locali ty
Sample
Number
Lead
(Pb)
Copper
(Cu)
Zinc
(Zn)
Arsenic
(As)
Iron
(Fe)
Total
Metals Pb+Cu Zn+As+F
X 10 23 800 170 340 590 2040 3940 970 2970
24 860 190 440 120 1170 2780 1050 1730
25 600 190 1060 2510 2640 7000 790 6210
26 550 970 430 170 650 2770 1520 1250
27 870 160 1070 350 1490 3940 1030 2910
28 1010 140 3170 1310 3160 8790 1150 7640
XI 11 29 870 140 1300 2730 4370 9410 1010 8400
XI I  12 30 2190 270 870 900 2350 6580 2460 4120
31 830 160 180 180 1970 3320 990 2330
X I I I  13 32 1320 120 120 180 1850 3650 1440 2210
33 1540 170 50 40 750 2550 1710 840
XIV 14 34 1120 240 1080 60 1310 3810 1360 2450
35 890 180 930 510 2340 4850 1070 3780
XV 15 36 680 220 120 280 1540 2840 900 1940
37 620 240 120 40 1130 2150 860 1290
38 600 160 260 330 1500 2850 760 2090
39 780 570 990 1420 4420 8180 1350 6830
40 670 2030 1450 140 1170 5460 2700 2760
XVI 16 41 620 370 810 1490 2650 5940 990 4950
42 1100 220 320 980 850 3470 1320 2150
43 1170 270 2380 1710 1810 7340 1440 5900
44 1130 370 3650 500 2160 7810 1500 6310
XVII 17 45 820 150 880 2250 1620 5720 970 4750
46 510 180 860 610 1460 3620 690 2930
47 560 220 770 630 970 3150 780 2370
on
ro
Table 7. (continued)
Sample Lead Copper Zinc Arsenic Iron Total
Local i ty Number (Pb) (Cu) (Zn) (As) (Fe) Metals Pb+Cu Zn+As+Fe
; v i i  17 48 520 180 330 950 2420 4400 700 3700
(c o n t . ) 49 550 260 330 2510 1760 5410 810 4600
^Values obtained for  each station are arranged 
s t ra t ig rap h ic a l ly  from the hanging wall to the 
footw a l l ,  with the exception of the grab samples 
collected at lo c a l i ty  1.
on
CO
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TABLE 8
ELEMENTAL VARIATIONS
VALUES
IN STIBNITES 
IN PARTS PER
FROM THE 
MILLION
STIBNITE
(ppm)
HILL Mil
Element
Sample
Range
High Sample Low
Mean
As 4 4340 37, 33 40 1020
Cu 40 2030 32 120 290
Fe 39 4420 1 440 1840
Pb 30 2190 15 340 800
Zn 6 3770 33 50 930
Total
Metals
4 11810 1 1610 4880
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They also note lesser amounts of As, Au, Zn, and Co. Sandvik (1964) 
reported up to 120 ppm B i , 590 ppm Cu, 1500 ppm Pb, 3000 ppm As, 
and smaller quantit ies of Cd and Ag in st ibnites from the Fairbanks 
d i s t r i c t  in Alaska. Hak (1966) noted the high v a r ia b i l i t y  of trace 
element values in Czechoslovakian st ibn i tes ,  and reported over 
200 ppm As in some samples. Dickson et a l .  (1975) reported As 
values ranging between 1500 ppm and 70,000 ppm in st ibnites closely 
associated with simultaneously deposited orpiment and realgar from 
Carlin-type epithermal gold deposits.
Lead
The values determined for lead in this study ranged from 
2190 ppm to 340 ppm, and averaged 800 ppm. The v a r ia b i l i t y  in lead 
content is considerably less than that observed for arsenic, iron,  
and zinc. In fa c t ,  values between adjacent samples from a given 
lo c a l i ty  rarely differed by more than 300 ppm. Although changes in 
the amount of lead across the vein were s l ight  in most cases 
(Figures 8 through 11), i t  could be seen that lead exhibited an 
anti thet ica l  relat ionship with arsenic, iron, and to a lesser extent 
with zinc and copper. This tendency was observed in several of the 
trace element p ro f i le s ,  in which the lead content of s t ibn ite  rose 
as the other elements declined, and f e l l  as they increased.
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Figure 5, showing the d istr ibut ion of lead across the mine, is 
interesting in that a subtle, but systematic change can be recog­
nized from southwest to northeast. In spite of considerable 
fluctuation from one value to the next, a trend toward decreasing 
lead values to the northeast (or along str ike)  can be seen.
Averaged lead values from each lo c a l i ty  have been plotted on 
Lines A-A' and B-B' in order to further demonstrate this trend 
(Figures 6 and 7).
Copper
Copper was the least abundant of the f ive  trace elements de­
termined in this study. Although values for arsenic and zinc from 
some samples were lower than the lowest copper value, the mean 
copper content of 290 ppm f e l l  considerably below the means for a l l  
the others. With the exception of one sample that exceeded 2000 ppm, 
most were found to be clustered rather closely about the mean. The 
trace element prof i les (Figures 8 through 11) accentuate the typ ica l ly  
low degree of v a r ia b i l i t y  shown by copper, but mask i ts  importance 
as an indicator of subtle changes in vein chemistry. Comparison of 
the expanded copper profiles in Figure 13 with the other trace 
element prof i les  demonstrates the complex behavior of copper in 
relat ion to other elements studied. For example, at Sample Locality  
15, copper displays an inverse relationship with respect to the other
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metals, as i t  also does in Sample 26, Locali ty 10, and to a 
lesser extent in Sample 40, Local ity 16. This an t i thet ica l  re ­
lat ionship is most pronounced in the comparison of the copper 
values with the tota l metals plots. In many of the individual  
samples, however, copper behaves s im ilar ly  to the other metals.
Examination of the copper d istr ibut ion map reveals a discrete  
trend toward increasing copper values to the northeast (Figure 12). 
This is just  the opposite of the result  determined for lead. Values 
generally well below average are found in the older workings near 
the portals of Adits 3 and 4. These give way along str ike and up 
dip to the southeast to copper levels which fluctuate s l igh t ly  
about the mean. Averaged values from lo c a l i t ie s  fa l l in g  on or near 
lines A-A' and B-B', have been plotted to i l lu s t r a t e  these trends 
(Figures 14 and 15).
Since the copper and lead values determined in this investigation  
are essentia lly free from the mineralogical interferences encountered 
with arsenic, iron, and zinc,  a further attempt was made to c la r i fy  
the apparent trends established for them, and to explain th e ir  con­
tradictory relat ionship . Several methods of s ta t is t ic a l  analysis 
were used with varied success.
Plots showing the graphical relat ionship of lead and/or copper 
to the other analyzed elements fa i led  to reveal any systematic 
trends across the deposit. A simple plot of copper versus lead
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values also produced a scattergram, but was valuable in that i t  
revealed considerable overlap and s im i la r i ty  between d i f fe ren t  
sampling lo c a l i t ie s .  A f i r s t  order l inear  regression was then 
performed on the data. A low, negative correlation coeff ic ient  of  
-0.11 was obtained u t i l i z in g  the following equation.
SxSy
in which r = the correlation coeff ic ient  -0.11 
X = copper values 
Y = lead values 
XY = mean values for copper and lead 
n = total  number of samples 
Sy = Standard deviation of copper
Sy = Standard deviation of lead
This low, negative value ref lects  the ant i thet ica l  relationship  
between these two elements in s t ibn ite  that was suggested in the 
trace element prof i les .  I t  also shows that variations in the copper 
content of s t ibn ite  are essentia l ly  independent of the amount of 
lead. A plot of the corrected copper and lead values s t i l l  showed 
considerable overlap between values from d i f fe ren t  lo c a l i t i e s ,  but 
the l in e a r i ty  was greatly enhanced.
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Arsenic
The amount of arsenic found in st ibnites varies considerably 
from one sample lo c a l i ty  to the next. Differences greater than 
100 times a given value (Table 8) i l lu s t r a t e  the high degree of 
v a r ia b i l i t y  in the uptake of arsenic by st ibn ite  across the mine 
(Figure 16). Even between immediately adjacent samples from the 
same lo c a l i t y ,  the difference in arsenic content is str ik ing .  For 
example, Sample 25 from Locali ty 10 contains more than 20 times the 
arsenic found in Sample 24, and nearly 15 times more than Sample 26 
(Figure 8) .  This v a r ia b i l i t y  across the vein is also i l lu s tra ted  
in Figures 10 through 12.
Although a vague trend toward increasing levels of arsenic 
to the northeast can be recognized in Adit 4 in Figure 16, the 
overall impression is that the data obtained for th is element are 
randomly distr ibuted. The irregular  arrangement of varying amounts 
of arsenopyrite is believed to be responsible for the seemingly 
erra t ic  amounts of arsenic determined in st ibnites from adjacent 
samples and from d i f fe re n t  lo c a l i t i e s .  As noted e a r l i e r ,  arsenopyrite 
commonly occurs as corroded remnants in st ibnite-bearing portions 
of the vein. Because of the solution technique used in the preparation 
of the st ibn ite  samples, i t  was apparent that the arsenic determined
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in the analyses was derived from arsenic liberated during the 
dissolution of the s t ib n i te ,  rather than from the arsenopyrite, 
which remained insoluble in concentrated HCl. Presumably, the 
arsenic values for samples containing p a r t ia l l y  replaced arseno­
pyrite  re f le c t  to a certain extent the amount of reaction that has 
occurred with the enclosing s t ib n i te ,  as well as the amount derived 
from the stibnite-deposit ing f lu id .
In an attempt to establish a meaningful trend in the seemingly 
randomly distr ibuted arsenic values, the analytical data were 
examined in conjunction with the mineralogical data. Following the 
approach u t i l ize d  by Sandvik (1964), samples containing arseno­
pyrite in intimate association with s t ibn i te  were l is ted with the ir  
arsenic contents for  each sample lo c a l i t y .  He reasoned that because 
of s t ibn i te 's  low tolerance for  impurit ies, the presence of a 
mineral of an analyzed element strongly suggested that s t ibn ite  
was saturated with respect to that element. Therefore, these 
elemental values for saturated samples are indicative of a re la t ive  
temperature of s t ibn i te  formation, according to the arguments pre­
sented in the previous chapter. Saturated arsenic values for each 
loca l i ty  were averaged, and the results projected to Lines A-A' and 
B-B’ , as was done for the lead and copper values. The technique is 
not without serious drawbacks, but as a method for f i l t e r i n g  other­
wise confl ic t ing data, i t  may te n ta t ive ly  prove to be useful in 
identifying trends across a deposit.
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Figures 17 and 18 show a s ign if icant  trend toward increasing 
accommodation of arsenic as one moves deeper into the mine.
Figure 18, which follows Adit 4 along str ike to the northeast, 
reveals a str ik ing  increase in the quantity of arsenic in s t ibn i te .  
Low levels of arsenic saturation are generally found near the 
portals of the various ad i ts ,  but steadily give way to higher values 
to the northeast. This result  is in agreement with that found for  
copper, but i t  is just  the opposite of the trend observed for lead.
Iron
The results of the iron analyses showed that i t  was the most 
aboundant of the trace elements determined in st ibnites from this  
study. The values ranged from 4420 to 440 ppm, and averaged 
1840 ppm. The v a r ia b i l i t y  of the iron values is substantially less 
than that observed for arsenic, in spite of the fact that arseno­
pyri te is also the principal iron-bearing mineral. Smaller amounts 
of pyrite and sphalerite probably account for a substantial portion 
of the iron content, and may be responsible for the subdued 
variance. I t  seems l i k e ly  that a certain amount of the iron was 
derived from the hydrothermal f lu id ,  and was precipitated within 
the st ibnite  structure simply as a resu lt  of changing conditions 
in the solution. In many samples there is nearly a one-to-one 
correspondence between the arsenic and iron values. Further evidence
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to substantiate the b e l ie f  in the close association of iron and 
arsenic may be found in the trace element prof i les (Figures 8 
through 11) and in the map showing the iron d istr ibut ion across 
the deposit (Figure 19). The prof iles show a str ik ing correlation  
between these two elements from sample to sample.
Zinc
Zinc occurs in s t ibn i te  in quantit ies up to about 3800 ppm, 
but again the values for individual samples vary widely. For 
example, the mean value for zinc is ju s t  s l ig h t ly  higher than that  
for lead, but as Table 8 shows, the high and low zinc values d i f fe r  
by a factor of approximately 75. Sphalerite is the only zinc-  
rich mineral in the mine, and undoubtedly accounts for the apparently 
random arrangement of zinc values in Figure 20, and in the trace 
element pro f i les .  In many of the trace element profiles the zinc 
contents of the analyzed samples appear to be correla t ive in a 
general sense with the values determined for iron and arsenic. This 
is probably a re f lec t ion  of the tendency for sphalerite to occur 
with pyrite and arsenopyrite in st ibnite-bearing portions of the 
vein. I t  may also indicate that the zinc complexes carried in the 
stibnite-deposit ing hydrothermal solution became unstable in the 
presence of p a r t ia l ly  replaced arsenopyrite and pyr i te ,  due to the 
s l ight ly  d i f fe ren t  chemical environment around these minerals.
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As was done with the arsenic values, samples believed to 
contain saturation quantit ies of zinc as a result  of the presence 
of sphaler ite in association with s t ibn i te ,  were l is ted with the ir  
analytical data. Averaged values from each lo c a l i ty  in which zinc 
saturation of s t ibn i te  was thought to have been attained were 
plotted on Lines A-A' and B-B' and compared with the curves 
generated for  the other analyzed elements. Rather than demonstrating 
an increase or decrease across the deposit, the level of zinc accom­
modation in s t ibn i te  reveals a cycl ic pattern in Figures 17 and 18. 
Zinc seems to be most abundant in the center of the mine, while 
lower values are ty p ica l ly  encountered along the southern, western, 
and northern borders.
Total Metals
In the previous chapter i t  was argued that at a given tempera­
ture s t ibn ite  is only capable of accepting a limited quantity of 
non-essential elements without disrupting i ts  structure or causing 
the formation of another mineral from the excess impurity metal. 
Presumably only a l imited number of positions within the structure 
are available for e i ther  mutual or i n t e r s t i t i a l  substitution.
Higher total metals values in a series of analyses are believed to 
be indicative of higher temperatures of s t ibn ite  formation. This
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is probably more l ik e ly  to be true across the whole deposit than 
across the vein at the individual sample lo c a l i t ie s .  Other 
factors, such as changes in the Eh, pH, and sulf ide ion concen­
trat ion  of the solution, abundance of trace minerals, and structural  
changes within the vein, are probably more important than tem­
perature in producing trace element variation across a given vein 
exposure.
The total  metals values in the trace element profiles and in 
Table 7 represent a blending of a l l  f ive  analyzed elements. There­
fore ,  i t  is possible that the total  metals values are a valuable 
indicator of changing conditions in the hydrothermal f lu id  during 
st ibn ite  deposition. By highlighting the generally symmetrical 
development of the vein at each sample lo c a l i t y ,  the total metals 
values, perhaps more than the values for any individual metal, 
are suggestive of the environment of ore deposition. Whether 
higher tota l metals values in the hanging wall and footwall samples 
are simply a re f lect ion  of the greater a v a i l a b i l i t y  of trace elements 
derived from p a r t ia l ly  replaced gangue minerals, or are suggestive 
of the manner of vein formation (with higher total  metals values 
indicating higher temperature and perhaps e a r l ie r  emplacement along 
the wall rock contacts), is not known.
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The map showing the d istr ibut ion of the tota l  metals values 
across the mine is presented in Figure 21. I t  ref lects  to a 
certain degree the random arrangement of elements precipitated  
out due to the interference of the p a r t ia l ly  replaced gangue 
minerals, but in a general way, the values indicate decreasing 
amounts of trace elements along str ike to the northeast. This 
trend is ju s t  the reverse of that shown for arsenic, iron, and 
copper, but is in agreement with the trend established for lead.
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CHAPTER VII  
DISCUSSION
The trace element contents of st ibn ites sampled from across 
the deposit demonstrate considerable v a r ia b i l i t y .  However, i t  was 
possible to establish trends for  the individual elements and tota l  
metals along the s t r ike  of the vein that  may be valuable in de­
termining the source of the s t ibn i te  mineral izat ion. B r ie f ly ,  lead 
was deposited most abundantly in st ibn ites collected from the 
oldest workings, which are closest to the presumed source in the 
Thompson Pass Fault . Zinc was most abundant in the center of the 
deposit, and copper, iron, and arsenic increased along str ike  to 
the northeast. Total metals values decreased s l ig h t ly  in the same 
direct ion.
Before considering the implications for  ore genesis suggested 
in the analy t ica l  data, an understanding of the important factors 
control ling the substitut ion of trace elements in s t ibn i te  is 
necessary. The possible chemical environments of antimony trans­
port , the physical environment of  s t ib n i te  deposition, and the 
known or in ferred s t a b i l i t y  relat ionships among the trace elements 
under these conditions form the basis of the model for  the develop­
ment of th is  deposit.
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I t  must be emphasized that the problem of low temperature 
antimony transport has not been resolved. That st ibn ite  ores 
are unique, and therefore may have formed by unusual processes, 
was mentioned by Stanton (1972), who noted the almost complete 
absence of contemporaneously deposited base-metal sulfides in 
st ibn i te  veins. Whether th is indicates a simple geochemical lack 
of base-metals in the source area available for uptake into an 
antimony-rich f lu id ,  or is suggestive of a chemical segregation of 
antimony (as well as arsenic, mercury, and to a lesser extent, t in )  
from base-metals at depth is not known. Many occurrences of antimony 
sulfosalts deposited in close association with base-metal sulfides 
in deep seated deposits are well known (Hobbs and Fryklund, 1968; 
Bryan, 1974; Harris, 1974), but l i t t l e  work has been done toward 
discovering the causes of antimony segregation into nearly mono­
mineral ic s t ibn i te  lodes at lower temperatures.
Thermochemical calculations involving s t ibn i te  and the probable 
dissolved antimony species are in an early stage of development 
(Brookins, 1972), and the few available  f ie ld  and laboratory studies 
on natural st ibnite-bearing mineral assemblages (Norton, 1964; 
Sandvik, 1964; Learned, 1966; White, 1967; Dickson et a l . ,  1975) 
have been unable to conclusively demonstrate the composition of the 
antimony-bearing hydrothermal f lu id .  More work is needed in the
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area of f lu id  inclusion research, and more complicated chemical 
systems, which would more accurately re f le c t  the assumed hetero­
geneous conditions in nature should be experimentally investigated. 
At this time speculation concerning the means of low temperature 
antimony transport and s t ibn i te  deposition must concentrate on 
the available  mineralogical data, which suggests transport of d is­
solved s t ibn i te  in base-metal depleted solutions (Dickson et a l . ,  
1975), the chemical data, which indicates that s t ibn ite  so lub i l i ty  
is enhanced by increased temperature and a lk a l in i ty ,  and the 
avai lable trace element geochemistry (Palache et a l . ,  1944;
Sandvik, 1964; Dickson et a l . ,  1975; and th is study), which suggests 
l imited s o lu b i l i ty  of base-metals in a low temperature antimony- 
rich solution.
Antimony sulf ide has been shown to be soluble in several 
naturally occurring solut ions, under geologically feasible tempera­
ture and pressure conditions (Norton, 1964; Dickson and Raab,
1965; Arntson et a l . ,  1966; Learned, 1966; Dickson and Tunell,  1969; 
Brookins, 1972; Nekrasov, 1974). As reported by Dickson and 
Tunell (1969), the s t ibn i te  components can be transported by (1) 
simple HgO solutions, in parts per mil l ion;  (2) boron-bearing 
solutions, in concentrations ranging from parts per mill ion to 
thousands of parts per mil l ion at high boron contents; and (3) 
sulfide-bearing solutions, in high concentrations. In every
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instance i t  was noted that s t ibn ite  so lu b i l i ty  increased with 
increasing temperature and pH.
Dickson and Tunell (1969) reported that at 250°C and 100 bars, 
st ibn i te  s o lu b i l i ty  in pure H2 O is about 65 ppm. Decreasing the 
temperature to lOO^c had the e f fec t  of lowering the so lu b i l i ty  to 
20 ppm. Although the concentration of dissolved st ibn ite  is po­
t e n t ia l l y  high enough for HgO to be an ore-carrying solution, f lu id  
inclusion studies of other hydrothermal solutions suggest that a 
pure H2 O solution in nature is very unlikely. Furthermore, the 
pH's of these solutions were as low as 3.8 for solutions which were 
cooled quickly to room temperature from 250°C and 100 bars. Such 
high ac id i ty  is uncommon except in highly oxidizing hot spring 
deposits in the presence of abundant HgSÔ  (Dickson and Tunell,  
1969).
Boron-containing solutions have been shown to be capable of 
transporting the components of st ibnite  in variable concentrations, 
depending upon the amount of dissolved boron ionic species in the 
solution. Dickson and Raab (1965) demonstrated that both in ­
creasing a lk a l in i t y  and temperature could increase the so lu b i l i ty  
of st ibn ite  more than 100 times between 100^ and 250^0. These 
workers suggest that the greater s o lu b i l i ty  of st ibn ite  in a 
NaB(OH)^ solution may be due to the fact that this solution is more
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alkal ine than a NagB^Oy solution. Stibnite  occurs in close 
association with borate minerals in at least one of the Cali fornia  
borax deposits (Dickson and Raab, 1965), implying some form of 
boron complexing mechanism. However, Brookins (1972) notes that  
antimony prefers to coordinate with sulfur rather than with boron, 
indicating that antimony transport in boron solutions can only be 
important in the absence of appreciable amounts of sulfur.  The 
lack of boron-bearing minerals in the Stibnite H i l l  Mine and other 
vein-type st ibn ite  deposits also argues against the importance of 
this type of antimony transport.
The low temperature transport of antimony by means of sulfide  
solutions is favored by the majority of investigators (Norton, 1964; 
Arntson et a l . ,  1966; Learned, 1966; Barnes and Czamanske, 1967; 
Dickson and Tunell,  1969; Brookins, 1972; Nekrasov, 1974; Dickson 
et a l . ,  1975). The presence of sulf ide ion in the solution 
enhances the s o lu b i l i ty  of s t ibn i te ,  in part because of the a l ­
k a l in i ty  generated by hydrolysis and dissociation reactions.
Sulfide and b isulf ide complexing with antimony are also important 
in boosting the s o lu b i l i ty .  Nekrasov (1974) reported that the 
so lu b i l i ty  of s t ibn i te  increased l in ear ly  with increases in 
temperature, pH, and concentration of • He noted that the con­
centration of antimony in a 0.04 M solution of HgS at 25°C and pH 
about 8 was 1.9 ppm. Under these conditions, but at pH = 10,
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antimony concentration increased to 6.1 ppm, and at pH = 2, i t  
decreased to 0.0005 ppm. Although 25^0 is un re a l is t ica l ly  low 
for  most antimony transport, this work does show the importance 
of pH in control ling st ibn ite  s o lub i l i ty .  Unfortunately most of 
the l i t e ra tu r e  concerning low temperature (50^0 -  250°C) antimony 
transport is remarkably vague in assigning pH values to the various 
sulf ide and bisulf ide antimony complexes. The work of Norton 
(1964) and Learned (1966) demonstrated so lub i l i t ies  above 20 grams/ 
l i t e r  at  50^c ,  and 1 atm, in a 1.24 weight percent Na2 S solution.  
They found that antimony concentration in the solutions increased 
with NagS concentration and temperature, but decreased s l ight ly  
with increasing pressure. Although they did not state the pH of  
th e i r  experimental solutions, i t  is known that an increasing con­
centration of sulf ide ion in solution accompanies a r ise in pH.
Thermodynamic studies of equilibrium ore assemblages, f lu id  
inclusion work, and chemical investigations of theoretical ore 
solutions have established that most ore transport occurs within 
one pH unit of neutra l i ty  (Barnes and Czamanske, 1976). The pH 
of neutra l i ty  at 250^0 for  pure water in the presence of steam 
is 5.60 (Barnes and E l l i s ,  1967). Helgeson (1964) also decided that  
the pH of hydrothermal solutions did not vary s ign if icant ly  from 
neutra l i ty ,  but also noted that strongly alkal ine fluids do exist  
under special circumstances, such as abundant excess sulfide ion
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in solution. A series of postulated reactions and equilibrium
2 -constants involving sulfur-bearing species such as S , HS ,
H2 S (Figure 22), and hydrolysis products such as OH” , prepared 
by Si l len  and Martel 1, and reported by Dickson and Tunell (1969) 
and Brookins (1972), suggests that s t ibn ite  is not soluble to 
a geologically s ignif icant extent in weakly acid, HgS-rich solutions 
As Barnes and Czamanske (1967) note, so lub i l i t ie s  apparently in ­
crease abruptly with pH as HS becomes predominant, and again in 
2 -
the S f i e ld .  Brookins (1972) has shown by thermochemical
2 -
reasoning that the complex (Sb^Sy) is stable in solution at a pH 
of 7.8 at 298.15^K, which would place this soluble ion in the HS 
region of Figure 22, although i t  is perhaps dangerous to assume 
that similar  conditions hold at higher temperatures. Brookins 
further states that (SbSg) , a sulfide complex, is stable re la t ive  
2 _
to (Sb^Sy) , but that a lack of knowledge concerning the ac t iv i ty
of each species prevents calculation of a theoretical pH value.
3-
Brookins (1972) and Nekrasov (1974) support (SbSg) and (SbS^) 
as the sulf ide complexes most l ik e ly  responsible for the transport 
of high concentrations of antimony between 200° and 250°C. At 
temperatures below about 200°C the HS” f ie ld  expands from that  
shown in Figure 22, suggesting that the sulfide complexes must be 
at least p a r t ia l ly  converted to a complex stable in the presence 
of abundant HS i f  antimony is to remain soluble, and therefore 
transportable, to temperatures as low as 25°C (White, 1967).
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Figure 22. The /Op s t a b i l i t y  f ie ld s  of the aqueous sulfur species
at 250°C. zS = 0.1 . Redrawn from Crerar and Barnes (1976)
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Perhaps the high a lk a l in i ty  (at least at higher temperatures) 
of antimony-rich solutions may offer  a part ia l  explanation for  
the v ir tua l  lack of base-metal sulfides deposited in equilibrium  
with s t ibn i te .  A high sulf ide ion concentration may be the most 
important cause of the high a lk a l in i ty  of the solution. Antimony- 
rich solutions may form as the result  of passage of an e a r l i e r ,  deep 
seated, s u l f id e - r ich ,  base-metal exhausted solution through an 
antimony-bearing mineralized zone. Sulfide complexing at depth 
would increase the a lk a l in i t y  of the solut ion,  especially in the 
presence of abundant excess sulfide ion. Because most base-metal 
transport is thought to occur within one pH unit  of neutra l i ty ,  
an increase in the a lk a l in i t y  would probably have the ef fect  of 
further decreasing the so lu b i l i ty  of the available base-metals. 
However, as mentioned previously, experimental evidence suggests 
that antimony s o lu b i l i ty  would be enhanced under these conditions. 
Antimony transport as sulf ide complexes along the dominant, regional 
faults to cooler, near surface areas would bring about the con­
version of the sulf ide complexes to bisulf ide complexes in response 
to decreasing temperature and pH (Brookins, 1972; Nekrasov, 1974), 
and would eventually result  in the deposition of s t ibn i te .
White (1967), c i t ing  his work on the chemistry of s t ibn i te -  
and cinnabar-depositing hot springs, favors the low temperature 
transport of antimony by means of d i lu te ,  near neutral solutions,
91
containing smaller quantit ies of dissolved sulfur species than are 
required by the proponents of the alkaline sulf ide theory. Al­
though the argument is unresolvable with our present understanding 
of the chemistry of the ore solution, i t  seems improbable that an 
antimony solution would be segregated from signif icant amounts of 
base-metals i f  transport by near neutral solutions was the case.
The spatial relat ionship between s t ibn i te  deposits in the 
Coeur d'Alene and Prospect Creek d is t r ic ts  and nearby base-metal 
deposits argues against a geochemical lack of base-metals as the 
cause of the nearly monomineralic nature of the st ibnite  lodes.
The commonly observed occurrence of s t ibn i te ,  cinnabar, and 
orpiment-realgar deposits on the perimeter of large base-metal 
deposits (O'Leary, 1907; Dickson et a l . ,  1975), implies some un­
known difference in the chemistry of base-metal deposits and low 
temperature Sb, Hg, and As deposits.
Throughout th is  investigation i t  has been assumed that ,  l ike  
the majority of st ibnite-bearing deposits (M i l le r ,  1973), this 
deposit formed at shallow depths. Several l ines of evidence sub­
stantiate the near surface orig in of the s t ibn ite  mineralization.
Perhaps the most important cr i te r ion  is the evidence indicating 
that open space f i l l i n g  was the primary mode of vein development.
The presence of s t ibn i te  i t s e l f  is usually indicative of a low 
temperature of formation and hence near surface emplacement (White, 1967)
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The rapidly changing trace element values across the vein and 
along the str ike of the vein suggest that the hydrothermal solution 
was very sensitive to changes in i ts  environment, which may also 
indicate shallow deposition of the st ibnite-quartz mineralization.
Deposition of s t ib n i te from an alkaline sulfide solution has 
been shown to result  from decreasing temperature and pH (Norton, 
1964; Learned, 1966), and increasing Eh (White, 1967; Brookins, 
1972). A decrease in the pressure of the solution has s imilar ly  
been shown to have l i t t l e  ef fect  on s t ib n i te s o lu b i l i ty ,  according 
to Norton and Learned. Dilution caused by mingling of meteoric 
waters with alkal ine sulf ide solutions saturated with s i l ic a  and 
antimony sulf ide could cause deposition of s t ib n i te and quartz for  
several reasons. Neutralizat ion of the solutions caused by mixing 
with near surface acidic waters is a commonly cited mechanism for 
precipitat ing sulfides from solution. A lower temperature meteoric 
solution would also be a cause for s t ibn i te deposition, as has been 
suggested by many investigators (Norton, 1964; Learned, 1966;
White, 1967; Nekrasov, 1974). Oxidation of the sulfide or b i ­
sulfide antimony complexes due to mixing with meteoric waters of
2 -
a higher Eh would make SÔ  (Figure 22) the predominant sulfur  
species, and would bring about the immediate deposition of the 
s t ib n i te and quartz in near surface environments (learned, 1966).
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Another possibly important st ibnite-deposit ing mechanism involves 
reaction of the antimony-rich solution with the pre-existing gangue 
sulfides along the wall rock contacts. The possible local 
evolution of gaseous HgS during the part ia l  replacement of minor 
amounts of arsenopyrite, sphaleri te,  and pyrite by the alkaline  
sulf ide solution has been suggested as a contributing factor in 
s t ib n i te deposition by Brookins (1972). He further suggests that  
i f  the H2 S concentration is low, i t  would not be evolved, but i ts  
oxidation would also free (H) and aid in neutralizing the solution.
Thus, the conditions most l ik e ly  required for the transport 
of antimony are high pH (perhaps as high as 9 at 250^C, Figure 22),  
low Eh (to prevent oxidation of the sulfide or bisulf ide complexes), 
and a high sulf ide ion concentration. Near neutral,  shallow seated 
deposition of s t ib n i te over a long period of time from di lute  
solutions could perhaps have occurred, but the mineralogical, 
tex tura l ,  and analytical  evidence argue against the importance of 
such a vein f i l l i n g  mechanism. The mineralogical and chemical ob­
jections to a d i lu te ,  near neutral antimony-bearing solution have 
been discussed, as has the textural evidence implying the im­
probabili ty of a near neutral solution reaching a near surface en­
vironment. However, i t  is very d i f f i c u l t  to dispute a long period 
of mineral ization. Perhaps, though, the crisp nature of the wall 
rock contacts and the rapid crystal growth suggested by the numerous
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acicular s t ibn i te  crystal masses may favor a f a i r l y  short period 
of s t ib n i te  mineral ization (Wehrenberg, 1977, personal communi­
cation).
I f ,  however, a longer period of mineralization is called fo r ,  
then transport in a lower pH environment could possibly account 
for the observed st ibn ite  deposition from a solution depleted in 
base-metals. I t  must be emphasized though, that the chemistry of  
ore-transporting solutions is for the most part poorly understood.
Information presented by Barnes and Czamanske (1967) regarding 
the re la t ive  s t a b i l i t i e s  of metal-bearing complexes in ore-forming 
hydrothermal solutions may help explain the observed trace element 
zonation. The transport of lead in alkal ine sulfide solutions may 
take place in the complex PbfHS)] , but the observed so lub i l i ty  
probably does not exceed 1.0 m g/ l i te r .  Lead complexes most readily  
in neutral,  to s l ig h t ly  acidic ,  chloride-r ich solutions, in which 
antimony is nearly insoluble. Zinc has a somewhat greater so lub i l i ty  
in bisulf ide complexes than lead, but i ts  behavior in sulfide com­
plexes has not been investigated. As was probably the case with 
lead, zinc may also have been largely insoluble in the strongly 
alkal ine conditions presumably responsible for the i n i t i a l  develop­
ment of the antimony solution. Copper also forms stable bisulf ide  
complexes such as Cu(HS)^ and Cu(HS)g , but Romberger and Barnes 
(1970) have shown that the s o lu b i l i ty  decreased abruptly i f  pH was
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increased or decreased from near neutra l i ty .  Iron also forms 
stable complexes in s l igh t ly  alkal ine pH's in the presence of  
abundant sulf ide ion, but with observed so lu b i l i t ie s  of less than 
about 20 m g / l i te r .  L i t t l e ,  however, is known of i ts  behavior in 
the a lkal ine solutions believed to be important in antimony trans­
port. Arsenic forms very stable sulf ide and bisulf ide complexes, 
such as As$ 2  , and as mentioned previously, is often associated 
with s t ibn i te  in low temperature mineral deposits.
This information implies that the metal zonation observed in 
the analytical data is related to the re la t ive  s t a b i l i t ie s  of these 
metal-bearing complexes in aqueous alkaline sulfide solutions.
Lead, which complexes least readily in this type of ore solution,  
would have become unstable e a r l i e s t ,  and would therefore, have 
been deposited most abundantly closest to the source of the antimony 
mineral ization. Zinc is most abundant in the center of the mine, 
where changing conditions in the hydrothermal solution brought about 
i ts  deposition in s t ib n i te .  Copper precipitation also occurred 
most rapidly farther  from the source than lead. Arsenic, which 
would have been more stable in th is  solution than the other trace 
elements, would have been deposited most abundantly farthest from 
the presumed source. I t  is perhaps signif icant that trace amounts 
of realgar were seen in a few polished sections from the area of 
highest arsenic content. This may signify  that the character of
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the hydrothermal solution had been altered enough upon approach 
to the surface to permit the deposition of a low temperature arsenic- 
bearing phase. Unfortunately not enough is known regarding the 
distr ibut ion of realgar in the mineral assemblage to verify  this 
poss ib i l i ty .  The d istr ibut ion of iron in the mine seems to be 
closely related to that of arsenic, suggesting that at least some 
of the iron and arsenic were derived from p a r t ia l ly  replaced ar ­
senopyrite and pyrite .  Thus, the observed metals distr ibution from 
southwest to northeast across the mine, as presented below, can be 
related to the known or inferred s ta b i l i t ie s  of the trace elements 
as sulf ide complexes:
Lead— Zinc— Copper—  Iron— Arsenic 
This picture of solution transport suggests that the s t ib ­
ni te  mineral ization originated within the Thompson Pass Fault, as 
was proposed in Chapter I I .  Several periodically active lead, zinc,  
and copper mines are located along the trace of the fau l t  in the 
valley of Prospect Creek (Crowley, 1963). These deposits may have 
been the source of the antimony, which could have been leached from 
available antimony sulfosalts by an alkaline solution and trans­
ported along the bedding plane fractures until  changes in the f lu id  
environment caused the deposition of s t ibn ite  under near surface 
conditions.
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Although the speculative nature of the model for the origin of 
the antimony mineral ization just  outlined must be emphasized, i t  
does appear to be the most reasonable interpretation of the data. 
Unfortunately with the exception of Sandvik's (1964) work on metal 
distr ibu t ion  in Alaskan s t ib n i tes, there is a lack of experimental 
and f ie ld  data concerning the behavior of trace elements in 
st ibn i te .  The zonation patterns of the trace elements are somewhat 
obscured by the limited sampling area, and by the random distr ibution  
of minor amounts of pre-existing gangue minerals, which reacted with 
the antimony solution and acted as loci of trace element deposition, 
but i t  is believed that the results are va l id ,  and may perhaps be 
applied to future studies in this and other st ibnite-bearing deposits 
I t  may seem that special arguing has been called upon to account 
for the a lk a l in i t y  and sulf ide concentration of the antimony 
transporting solution. However, i t  should be reemphasized that 
stibnite-quartz  lodes are geologically rare among sulfide deposits, 
and therefore may form as the result  of a series of special circum­
stances, which acting together, permit the long distance transport 
of antimony-rich solutions. Although the exact composition of the 
antimony-transporting solution has yet to be determined, alkal ine  
sulfide solutions o f fe r  the most l i k e ly  method at the present time 
for moving geologically s ign i f ican t  amounts of antimony into near 
surface environments.
CHAPTER V I I I  
CONCLUSIONS
This investigation was undertaken in an attempt to describe 
the d istr ibut ion  of trace amounts of impurities in s t ibn ite  from 
the Stibnite H i l l  Mine. I t  was believed that careful analysis 
of st ibnite-bearing vein material could demonstrate elemental 
zonation patterns meaningful in terms of ore genesis and the future 
development of the deposit by United States Antimony Corporation. 
Forty-nine samples of s t ibn ite  ore collected from 17 vein exposures 
were analyzed for th e ir  content of the major non-stoichiometric 
elements. The results determined for arsenic, copper, iron, lead, 
and zinc indicated variable levels of accommodation for the in ­
dividual metals, and the total  metals ranged from about 1500 ppm to 
11,800 ppm. These values are in accord with the few published re­
sults obtained in previous studies.
The primary sulf ide mineralogy of th is deposit is simple com­
pared with other ore deposits in the Prospect Creek d i s t r ic t  and the 
adjoining Coeur d'Alene d i s t r i c t .  Stibnite and i ts  secondary 
oxidation products are the only minerals of economic significance,  
and they greatly predominate over minor amounts of arsenopyrite, 
sphaler ite,  pyr i te ,  chalcopyrite,  and realgar.  Textural evidence
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suggests a la te  paragenetic position for s t ibn ite .  I t  replaces 
a l l  other sulfides except realgar, which may have formed at the 
expense of some of the replaced arsenopyrite, or perhaps because 
of the increasing in s ta b i l i t y  of the arsenic-transporting complexes. 
Quartz is the only non-sulfide gangue mineral, and was apparently 
active throughout a l l  periods of mineralization.
Several l ines of evidence suggested that the most l ik e ly  source 
of the antimony mineralization was within the Thompson Pass Fault.
I t  passes through the valley of Prospect Creek less than two k i lo ­
meters south of the mine. The total  metals values were found to 
decrease from southwest to northeast across the mine. This is in 
accord with the work of Sandvik (1964), who noted a general de­
crease in the tota l metals values away from the presumed source 
in the Fairbanks d i s t r i c t  of Alaska. He attr ibuted this d i s t r i ­
bution pattern to changing conditions in the character of the 
stibnite-deposit ing f lu id ,  part icu la r ly  temperature, which decreased 
the quantity of impurities allowed into the st ibn ite  structure with 
increasing distance from the source.
The zonation patterns established for the f ive analyzed elements 
demonstrate the complexity of the trace element relationships. Lead 
was most abundant closest to the Thompson Pass Fault and decreased 
toward the northeast. Zinc values were greatest in the center of 
the deposit, but fa i led  to indicate any d i rec t io na l i ty  in their
TOO
d is tr ibu t ion .  Copper increased s l igh t ly  away from the fa u l t ,  as 
did iron and arsenic. Arsenic was most abundant in st ibn ite  
deposited furthest from the presumed source. This zonation 
pattern was p a r t ia l ly  obscured by the reaction of the antimony- 
rich solution with the randomly distr ibuted, p a r t ia l ly  replaced 
gangue minerals. Varying amounts of arsenopyrite, pyr i te ,  and 
sphaler ite probably contributed s ignif icant amounts of arsenic, 
iron, and zinc to the precipitat ing st ibnite  although the precise 
amount was impossible to determine, and also caused the deposition 
of other trace elements from the solution due to the subsequent 
local changes in the ore environment. Many factors including 
changes in the Eh, pH, sulfide ion concentration, temperature, and 
vein structure contributed to producing the wide variation in the 
trace elements at the d i f fe ren t  sample lo c a l i t ie s .  By examining the 
known re la t iv e  s t a b i l i t i e s  of the d i f fe ren t  metal-transporting 
complexes in a strongly a lkal ine sulfide solution of the type be­
lieved to be most l i k e ly  responsible for most low temperature 
antimony transport , i t  was possible to in fer that lead was the least  
stable complex and that arsenic was the most stable. Although the 
elemental d is tr ibut ion  patterns are irregular  and overlap ex­
tensively (perhaps because of the typ ica l ly  shallow-seated nature of  
most s t ibn ite  deposits), i t  is f e l t  that the sequence lead—zinc--  
copper--iron--arsenic shows that the most l ik e ly  source of the 
mineralizing solution was within the Thompson Pass Fault.
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I t  is recommended that regular s t ibn ite  analyses be con­
ducted on ore samples from new workings in the mine in order to 
extend the results of this study. The findings of this inves t i ­
gation, while indicating certain zonation patterns across the 
deposit, would prove more valuable i f  more samples over a wider area 
could be analyzed. Perhaps this type of mineralogical in ves t i ­
gation could also prove to be a valuable tool in correlating other 
s t ibn i te  occurrences on Stibnite H i l l .
The importance of s t ibn ite  as a sensitive indicator of subtle 
changes in the character of an ore-depositing solution has been 
demonstrated. I t  has been recognized since the study of Sandvik 
(1964) that s t ibn i te  could be useful in delineating trends across 
an entire  mining d i s t r i c t .  The present study has shown the value 
of trace elements in s t ibn i te  in expressing trends across a single 
deposit, when coupled with an understanding of the regional geology, 
the prior structural and mineralogical history of the mine, and the 
known or inferred s t a b i l i t y  relationships of the analyzed trace 
elements in a lk a l in e ,  sulf ide solutions.
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APPENDIX A 
MINERALOGICAL DATA AND SAMPLE LOCATIONS
MINERALOGICAL DATA AND SAMPLE LOCATIONS*
Sample 
Local i ty  and Number
Vein
Width
Posi tion 
in Vein
Mineralogy Stb Remarks ^Location
1 1 ? ? ^Stb(maj), Qtz(min) 99.0 Grab Sample Kirkeberg Open P it
1 2 ? ? Stb(maj) ,  Aspy(tr) 
Qtz(min)
98.7 Grab Sample It II II
1 3 ? ? Stb(maj), Sph(tr) 
Aspy(tr ) ,  Qtz(maj)
97.4 Grab Sample II II II
2 4 13 cm T Stb(maj), Aspy(tr) 
Sph(tr ) ,  Qtz(maj)
86.6 brecciated wal 1 
rock at HW; sph 
conc. along FW
B-1 D r i f t  between 
USAC' s 4th and 5th 
Brunton and Tape (BT 
Survey Stations
3 5 20 cm HW Qtz(maj), Stb(min) 96.4 Stb f .g r .  oc­
curring mainly 
in a mass in 
the center
B-1 Dri f t  near BT 11
3 6 It FW Stb(maj), Sph(2 %) 
Qtz(min)
92.7 Sph in two 
dist inct  bands
M
4 7 50 cm HW Stb(maj), Sph(l %) 
Qtz(min)
95.2 Wall rock is 
highly brec­
ciated
Active Stope above 
the B-1 D r i f t
4 8 II C Stb(maj), Sph(10%) 
Aspy(10%), Py(tr)  
Qtz(maj)
92.6 Contains more 
Aspy and Sph 
than any other 
specimen
II
4 9 II C Stb(maj), Sph(tr) 
Aspy(tr),  Qtz(maj)
97.9 Stb strongly 
deformed
II
o
VO
Sample 
Local i ty  and Number
Vei n 
Width
Position 
in Vein
Mi neralogy % Stb Remarks Location
4 10 M FW Stb(maj), Sph(tr)  
Aspy(tr ) ,  Qtz(maj)
96.6 Numerous in ­
clusions of 
wall rock
5 11 76 cm HW Stb(maj), Sph(tr) 
Aspy(tr ) ,  Py(tr)  
Qtz(maj)
98.3 Many narrow 
veinlets in 
a wall rock 
breccia
B-2 D r i f t  between 
BT 3 and 4
5 12 II C Stb(maj), Sph(tr) 
Qtz(maj)
95.2 Same as 
above sample I t
5 13 II FW Stb(maj), Sph(tr) 
Qtz(maj) , V a l ( t r )
94.9 Valenti ni te 
crystals well-  
formed on frac.
II
6 14 45 cm HW Stb(maj), Aspy(tr) 
P y ( t r ) ,  Qtz( a j)
88.2 Narrow stb 
veinlets in a 
wall rock brec.
B-2 D r i f t  at  BT 8
6 15 n C Stb(maj), Aspy(l%) 
Qtz(maj)
91.1 Same as above 
Specimen
II
6 16 II FW Stb(min), Aspy(3%), 
Sph(tr ) ,  Qtz(maj)
85.2 Aspy occurs in 
vug in Qtz II
7 17 18 cm HW Stb(maj), Aspy(tr) 
Qtz(maj)
81.0 Stb and Qtz B-2 D r i f t  between 
occur in nearly BT 9 and 10 
equal amounts
7 18 II FW Stb(maj), Aspy(tr)  
Qtz(maj) , V a l ( t r ) 96.5
Aspy dissemin­
ated in wall 
rock fragments
II
Sample 
Local i ty  and Number
Vein
Width
Posi tion  
in Vein
Mineralogy % Stb Remarks Location
8 19 20 cm HW Stb(maj) ,  Aspy(tr)  
Qtz(maj)
86.0 Qtz occurs in. 
large pods and 
lenses
B-2 D r i f t  near BT 11
8 20 II FW Stb(maj) , Aspy(tr)  
Qtz(min)
97.3 Stb V. f . g r .  
Aspy dissemin­
ated in w.r .
9 21 23 cm HW Stb(maj),  Sph(tr)  
Qtz(maj)
92.1 Large mass of 
deformed acicu­
la r  s t ib n i te
B-2 D r i f t  between BT 
12 and 12.3
9 22 II FW Stb(min), Sph(tr)  
Qtz(maj)
97.9 Same as the 
above sample It
10 23 58 cm HW Stb(maj),  Sph(tr)  
Aspy(tr ) ,  P y(t r )  
Qtz(maj )
95.2 Strongly de­
formed f in e ­
grained stb
B-3 D r i f t  at BT 10
10 24 II C Stb(maj), Qtz(maj) 97.3 Stb V. c .gr.  
deformed / /  
to the vein
II
10 25 II C Stb(maj), Aspy(l%) 
Sph(tr ) ,  P y ( t r ) ,  
Qtz(maj)
93.7 Wal1 rock 
breccia zone
II
10 26 II C Stb(maj), Sph(tr)  
Qtz(maj)
98.4 A1ternati ng 
masses of qtz 
and deformed stb II
Sample 
Local i ty  and Number
Vein
Width
Position 
in Vein
Mineralogy % Stb Remarks Location
10 27 FW Stb(maj), Aspy(tr)  
P y ( t r ) , Qtz(maj)
96.1 Stb becomes 
f in e r  grained 
toward the FW
II
11 28 18 cm HW Stb(maj), Aspy(tr)  
Py(l%), Sph(tr)  
Qtz(maj) , V a l ( t r )
70.4 Valenti ni te 
common as wel1 
formed crystals 
on fractures
B-3 D r i f t  15 m 
of BT 17
north
11 29 II FW Stb(maj), Aspy(5%) 
Sph(tr ) ,  Qtz(maj)
73.0 Aspy occurs as 
narrow veinlets II
12 30 51 cm T Stb(maj), Sph(tr) 
Qtz(min)
99.2 Deformed acicu­
la r  masses stb
B-3 D r i f t  30 m 
of BT 17
north
13 31 13 cm HW Stb(maj), Aspy(l%) 
P y ( t r ) ,  Sph(tr ) ,  
Qtz(maj )
88.9 Aspy dissemin­
ated in the 
w. r. fragments
8-4 D r i f t  at BT 10
13 32 II C Stb(maj), Sph(tr) 
Qtz(maj)
89.7 Stb massive, 
and in pods 
with qtz
II
13 33 11 FW Stb(maj), Aspy(tr) 
Qtz(min)
98.1 Massive f in e ­
grained stb
II
14 34 1 3 cm T Stb(min), Sph(tr) 
Qtz(maj )
97.8 Wall rock frag­
ments abundant
B-4 D r i f t  at BT 12
15 35 30 cm HW Stb(maj), Aspy(2%) 
Qtz(maj)
86.6 Aspy abundant 
in wall rock
B-4 D r i f t  at BT 16 ro
Sample 
Local i ty  and Number
Vein
Width
Posi t i  on 
in Vein
Mineralogy % Stb Remarks
15 36 II C Stb(maj) ,  Aspy(2%) 94.0 Similar to the 
previous sample
15 37 II C Stb(maj), Qtz(maj) 98.2 Comb structure 
Qtz is common
15 38 M FW Stb(min), Sph(3%) 
Qtz(maj)
94.9 Sph scattered 
throughout
16 39 84 cm HW Stb(maj), Sph(4%) 
Qtz(maj)
97.1 Sph occurs as 
rounded aggre­
gates
16 40 II C Stb(maj), Sph(l%) 
Qtz(maj)
98.4 Similar to the 
previous sample
16 41 II C Stb(maj), Sph(l%) 
Qtz(maj)
98.6 Many euhedral 
qtz grains in 
stb masses
16 42 il C Stb(maj) , Sph(tr) 
Qtz(maj)
98.4 Highly deformed 
stb grains
16 43 II C Stb(maj), Aspy(tr) 
Sph(tr ) ,  Qtz(min)
93.7 Specimen is a 
part of the d i f ­
fuse footwall
16 44 II FW Stb(min), Aspy(3%) 
Sph(tr ) ,  Py(tr)  
Qtz(maj)
87.3 Several aspy 
veinlets; stb 
is sparse
Location
B-4 D r i f t  at BT 21
W
Sample 
Local i ty and Number
Vein
Width
Posi tion 
in Vein
Mineralogy % Stb Results Location
17 45 66 cm HW Stb(maj
Aspy(l%
, Sph(2%)
, Qtz(maj) 92.5
Many small B-4 D r i f t  at  BT 25 
acicular masses 
of stb
17 46 II C Stb(maj
Qtz(maj
, Sph(l%) 97.9 Sph most abun- " 
dant in upper 
portions of the 
specimen
17 47 It C Stb(maj
Qtz(maj
, Sph(tr) 98.4 Open space
f i l l i n g  observed "
17 48 II C Stb(maj 
Qtz(maj
, Sph(tr) 
, V a l ( t r )
98.6 X-ray ID of the " 
valenti ni te
17 49 II FW Stb(maj  
P y ( t r ) ,  
Qtz(maj
, Aspy(2%) 
S p h (t r ) ,
95.1 Py and Aspy in 
narrow veinlets
a. % stb refers to the amount of s t ibn ite  actually taken into solution. The gangue minerals were
largely  removed by various physical separation techniques, and the remainder were insoluble in
the s t ibn i te  solution technique used.
b. Location refers to the actual position on the mine map used by United States Antimony Corporation 
The sample lo c a l i t ie s  referred to in the text of this paper are shown in Figure 3.
c. Abbreviations used in the compilation of the data in this table are as follows:
• S tb(s t ibn ite )  Aspy(arsenopyrite) Sph(sphalerite) Py(pyrite)  Qtz(quartz) V a l (v a le n t in i te)  
maj(major component) min(minor component)
HW(hanging wall specimen) FW(footwall sample) T( tota l  vein width sampled) [ (centra l  vein sample).
APPENDIX B
Photomicrographs of the 
Stibnite H i l l  Ore Specimens
Plate 1. An arsenopyrite-quartz ve in le t  along the 
diffuse footwall contact at Local i ty  16. 
Long dimension equals about 0.89 mm. 
Sample 44.
Plate 2. S t ibn i te  (stb) is shown replacing a 
broken, subhedral arsenopyrite grain  
(ap) in quartz. Long dimension of the 
sl ide  equals approximately 0.29 mm. 
Sample 44.
Plate 3. S t ib n i te  (stb) replacing a large
sphaler i te  (sph) grain and cutting a 
narrow chalcopyrite (cp) v e in le t .  Note 
the unsupported islands of sphalerite  
in s t ib n i te  in the upper, right-hand  
portion of the photograph. Long dimen­
sion equals about 0.14 mm.
Sample 44.
Plate 4. S t ibn i te  (stb) p a r t i a l l y  surrounding 
and replacing a rounded p y r i te  (py) 
grain. Note the typical p i tted expres 
si on of the p y r i t e ,  and the hardness 
d i f fe r e n t ia l  between the two minerals. 
Pyrite  grain is  about 0.18 mm in dia.  
Sample 44.
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Plate 5. Acicular realgar (rg) replacing s t ibn ite  
(stb) in the immediate v ic in i ty  of a 
small, p a r t ia l ly  replaced arsenopyrite 
(ap) grain. Long dimension of the photo 
equals approximately 0.35 mm.
Sample 3.
Plate 6. S t ibnite  (stb) replacing a broken ar­
senopyrite (ap) crystal with sphaleri te  
Long dimension equals about 0.44 mm. 
Sample 44.
Plate 7. Sphalerite (sph) replacing a broken ar­
senopyrite crystal in quartz. Long 
dimension equals about 0.15 mm.
Sample 8.
Plate 8. S t ibnite  (stb) f i l l i n g  cav i t ies  and
fractures in sphalerite (sph) and cut­
ting narrow chalcopyrite (cp) vein lets  
Long dimension equals about 0.44 mm. 
Sample 8.
w
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P l a t e  9 .  An e x a m p le  o f  c o m p le x  d e f o r m a t i o n  l a m e l l a e  c r o s s i n g  s e v e r a l
g r a i n  b o u n d a r i e s  i n  s t i b n i t e ,  i n d i c a t i v e  o f  p o l y g o n i z a t i o n  o f  
a l a r g e r  h i g h l y  d e fo r m e d  g r a i n .  Long d i m e n s i o n  e q u a l s  1 . 4 4  mm, 
Samp le  9 ,  c r o s s e d  n i  c o l  s .
P l a t e  10 .  H i g h l y  s t r e s s e d  s t i b n i t e  s h o w in g  t h e  p a r t i a l  a n n e a l i n g  a r o u n d  
a s l i g h t  k i n k  band r u n n i n g  f r o m  u p p e r  l e f t  t o  l o w e r  r i g h t .
Long d i m e n s i o n  e q u a l s  1 . 1 2  mm. Sample 9 ,  c r o s s e d  n i c o l s .
■jf'.
